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PREFACE TO THE FIRST EDITION. 


Some years ago I was asked by a number of friends to 
write a book on Indian Botany for the use of junior students 
of our Universities. This has been a long felt want for 
it extremely difficult for a beginner to study Botany 
with the help of English text books which deal with 
European plants and are surely not written from the view- 
point of the Indian student. To meet this want my 
'‘Structural Botany’’ was published some two years back and 
notwithstanding many of its defects* especially its elaborate* 
nessi the book found ready acceptance at the hands of 
the University* teachers and^ students. This success must* 
I think, be ascribed more to the Indian tone of the book 
than to any intrinsic merit of its own, and has encouraged 
me to bring out the present volume. 

In this volume my aim has been to present the 
elementary portions of the science required to be studied 
by the junior students of our Universities as^ simply and 
as lucidly as possible. Throughout 1 have used vernacular 
names along with their English or Latin equivalents and 
illustrated the book as copiously as possible with commonly 
ooourrii}g Indian plants and their structure. This I hope 
will greatly facilitate the work of our students and enable 
them to acquire a general knowledge of Botany with 
special reference to the Indian llora. In order that full 
advantage may be taken of the vernacular names 1 have 
added an appendix which sets forth the synonymous names 
of plants current in the different provinces of India. 

Great difficulty was experienced in giving original 
micro*dra wings for Part II of this volume. These drawings 
as well as many other original ones in the other parts of 



( Vi ) 

the book have been executed faithfully by my brother, 
Mr. Nripendra Nath Mitra» who has also helped me un- 
remittingly in going over the proof sheets and in drawing 
up the index. 

, T .cannot express how greatly I am indebted to 
Prof. S. 0. Mahalanobis, B.So., F.H.S.E., for his kindness 
in going over the whole of my earlier work, Structural 
Botany, and preparing a full list of corrections and* for 
bis numerous valuable suggestions. I have taken full 
advantage of these corrections and suggestions in the 
present volume, but I am wholly responsible for the errors 
of fact that may have escaped scrutiny and for the few 
innovations that I have purposely introduced in the hope 
of securing consistency. Nor can I close this note without 
expressing my grateful acknowledgments to Principal 6. C. 
Bose and to many of my friends for their numerous hints 
and suggestions, and more than anything else, for the 
encouragement they have accorded me in a field where 
encouragement is badly needed. 


Hangaisasi College, 
Calcutta, iy]&. 


> 

J 


11. N. Mitua 
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PREFACE TO THE SECOND EDITION. 


In this edition extensive changed have been intrbdaoed. 
The whole of the first and the second parts of the book 
dealing with Morphology have been entirely rewritten. 
The other parts have also been revised Jand rei^ritten at 
some places, especially with a view to removing tnatters 
not#required to be learnt by junior students, and replacing 
others which suffered from an obscurity of language. A 
large number of new illustrations have also been added, 
but the original idea of giving analytical pictures of every 
common plant has been found very difficult to carry out 
owing to war-conditions. A summary and a set of questions 
liavo been added after the chapters wherever necessary ; 
it is hoped they will be of substantial help to students, 
especially for rapid revision. • 


IUngabasi Collegf: | 

Calcutta, January 1918, J 


H. N. Mitra. 


PREFACE TO THE THIRD &1FOURTH EDITION. 

In this edition a few more wood-cuts have been added. 
Owing to pre-occupation the author has not been able to 
revise the book thoroughly, but still certain improvements, 
such as the insertion of small paragraphs on economic plants 
under the Natural orders, have been made and a glossary 
of Botanical terms has been added at the end. A more 
thorough list of the vernacular names of plants current in 
the* different provinces has been given, and this, it is hoped, 
will greatly help students outside Bengal who now so largely 
depend {upon this book. 


ANNUAr4 Register Office 1 
Sibpur, j4pril J921, j 


PUBIJSHEB, 
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PREFACE TO THE FIFTH EDITION. 


This edition is being published under the shadow of 
the greatest misfortune that could befall us. Our editor 
has been prematurely summoned to his Heavenly Home 
on the 29th September last. We are issuing this edition as 
an exact reprint of the previous one (with, of course, such 
addition in Natunxl orders which have been lately introd^iced 
into the Syllabus). We have spared no pains to look to 
the printing and get-up, and with the blessings of the illus- 
trious deceased we hope to have placed before our readers 
the very likeness of the late Prof. Mitra's handiwork. 

We do hope and tinist that our readers would encourage 
us to continue this publication and thus keep alive the 
work of the great scholar who, bo it remembered, was the 
first to bring before the Indian Sturlents of Botany a real 
complete text book on the subiect, and very kindly favour 
us with their suggestions for improvement for the next 
improved edition which wo would take in hand in the near 
futnir/and in which wc have l»cen voluntarily offered the 
collaboration in' disfcing\usbod .scholars in lk)tany amongst 
Prof. Mitra 8 friends and studonth, \Vo will also introduce 
a large number of additional tri coloured plates and blocks in 
the next edition. 


Annual Kr(jtstkh Offick | 

Sibpiir, 'November ]92f). J 
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INTRODUCTION. 


Botany is the science of the vegetable kingdom. It is 
divided into several pai*ts or departments each dealing with 
a^articular siJo of the science of plants. These are. — 

1. Morphology> which deals with the form and struc- 
ture of plants ; for instance with the various forms of stems, 
roots, loaves, and so on. The term means the science of forms^ 

2. Physiology, which deals with the functions of 
plants ; that is to say, with the work done by the stem, 
leaf, root, etc. It enquires : How the plant lives, how it 
feeds, how it multiplies, and so forth. 

We all know that the plant takes its food from the 
soil : but how does it actually feed, and what does the 
plant feed upon ? We know that the plant requires water ; 
but how does it absorb water ? We know that the plant 
requires light, it can not grow in darkness ; why does it 
require light, what is the effect of light or darkness upon 
plants ? How is the life of a plant affected by light, heat, 
moisture, etc ? All such questions involving the life of the 
plant are studied in physiology, 

3. Systematic Botany, which deals with the clasdfica- 
tion of plants. Here we try to find out the similarity 
between different plants so that they may be formed into 
groups, the groups in their turn showing near alliances. 
In this way the whole plant kingdom may be divided 
into a number of groups or families of plants. For instance, 
there are various forms of palms but they all are 
alike in certain respects atid so constitute a close family, 
namely the Palm family, different altogether from, say, the 
Cucumber family or the Rose family. A parallel is seen 

I 
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in the animal kingdom which is easily divided into such 
families as Birds> Reptiles, Mammals, and so on. 

Ecology, which studies the relation between 
the form of a plant and its surroundings. Plants which 
live under ditferent conditions are naturally very dilferent. 
For instance, water plants are soft and delicate, land plants 
are harder, plants of dry places are dwarfy and very hard, 
and so forth. We know that some plants can bear greist 
cold, others can not ; some can live in vei-y poor soil, others 
can only live in a rich soil; some can bear great heat, 
others remain in shady places and so on. Ecology studies 
how the form and mode of life of plants are adapted to 
t heir surroundings. 

Fig. i. Fig. Fig 3. 


thallodhvta 



Fig. 1. Simple microBCopic Algae ; F, a filamentous Alga. 

Fig. 2. A minute plant forming an undifferentiated t hall us. 

Fig. 3. A minute plant with a branched thallus. 

Morphology is divided into (1) external Morphology^ 
which deals with the external parts or limbs of plants, such 
as the stem, root, leaf, etc, and (2) internal Morphology 
which deals with the internal- structure of plants-- such 
as their bones and tissues. Just as the animal body 
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made up of tissues, such as musoles, veins, nerves, bones and 
so on, BO too the plant^body is made up of tissues. The 
internal structure of plants or internal morphology is 
studied under Plant Anatomy or Histology. 

Kinds of Plants. — Root, stem, leaves, flowers and fruit 
are of course found in mosf plants, but not in all \ for instance, 
they are wanting in the Mushroom which is a plant, for it 
ifves and grows like a plant, though it is very different in 
form and structure from ordinary green plants. A very 

similar plant is often found in 
the form of thick fleshy white 
plates growing on the bark of 
trees or on old rotten bamboos. 
Plants which have no members 
such as stem, root, leaf, etc., are 
said to be xindifferentiaied. Their 
simple memberJess plate-like 
body is called a thallus, as op- 
posed to a cormus which is a 
plant-body having distirict mem- 
hors. Thallus plants constitute 
a class, the lowest class of the plant kingdom, like the 
worms of the animal kingdom, called Thallophyta. Some 
of the thallophyta are extremely minute (tig. l), they cannot 
bo seen with the naked eye ; they live in water or in moist 
places. The mushrooms are very big tballophytos ; the 
moulds (ohatadhara) formed on rotten vegetables, jellies, 
chutnoys, on old leather or ink are simpler thallophytes. 
They consist of long white interwoven threads. The greon 
slimy iloating masses often found on the water of ponds and 
marshes are also simpler thallophytes ; they consist of inter- 
woven green threads. The green thallophytes live in water 
or moist places ; they form the class known as Algae. 
The white thallophytes, like the mushroom and the 



Fig. 4. Tlic Mushroom — 
a thallophyte. 
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mouldsi live on decaying matters and form the class 

called Fungi. 

Fig. 5, Fig. 6. Fig, 7. 



Fig. 6. A Thallus with a small upright shoot or cormus. 

Fig, G. Thallus of Fern with the leafy shoot or cormus, 

Fig. 7. The Mobs plant— a cormophyte. 

Comnophytes have distinct members such as stem, root, 
leaf, etc. Mosses, (fig. 7) often found on damp walls, arc fhr 
smallest and simplest of cormophytes. They have vciy simple 
leaf and stem and root-like structures but have no flower ; 
so too the Ferns %vhicb are bigger plants. Ordinary plants 
are flowering plants ; the fcri b (fig. 8) and the mosses are 
non-flowering plants. The obiect of the flower is to produce 
fruit within which are developed the seeds. The seeds are 
very important for they serve to multiply the plant. Plence 
flowering plants are also called seed-plants. Flow^crless 
plants such as the ferns, the mosses, the algse and the fungi, 
do not produce seeds. But how are they propagated ? They 
produce certain minute dust-like bodies, called spores, 
which are scattered by the wind and thus multiply the 
plant. Hence flowerless plants are also called spore 
plants. The spores may bo easily observed at the back or 
under-surface of a mature forn-lcaf, where they form a thick 
coating ot a brown powder. 
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Flowering plants form the major 
portion of the vegetation of the globe. 
They are divided into three great 
classes :(l) Pincs—trecs with small needle- 
shaped loaves, (2) Dicots- plants with 
small leaves and often with branches, and 
(2) . ( Monocoia —plants with comparatively 
1 irge loaves having a sheathing base. For 
instance Mango, Kose, Banyai). Pea, Java, 
Jack, are Dicots ; tlio Palms. Grasses, 
Pineapple, Banana, are Monocots. The 
former are as a rule mucli branched, the 
latter are often iinbranched. The distinctroii 
between Dicots arid Monocots lies iri the 
structure of the seed as will be seen 
in the next cliapter. 


Fig. 8. A Fern 
plant. 

T!ic following table gives (ho main grou])s of ]»]anls. 

Flowering Plant* or Seed idants- - 

1. Dicuta, E. 0,, Manj^o, Pose, Java, etc. 

2. Monocots, E. o., Banana, rahna, Grasses, etc. 

3. l‘iTieB. 

Flowedess plants oi Spoic pianis- 

Cormophyta, plants witli stem and Jeavet. 
i. Ferns. 

5. Mosses , 

Thallophyta, plants with a thallus. 

G. Alpae— Green. 

7. Fungi- -(’oIourlcKS or while. 



CHAPTER I. 


GERMINATION. 


If a few Pea seeds be laid in water or moi^ earth 
it will be noticed in a short time that the seed swells 
and thou its outer coat (culled the testa) can bo easily torn 
off. Inside the testa lies the kernel of the seed which 
easily splits up into two halves (figs. 9a, 11c) which arc 
called the cotyledons or seed leavi^. Between them 
nestles a very small body in w^ich the rudiments of the 
stem, leaf, and root can be distinguished. The pointed 
end of this is the rudiment of the root called the radicle ; 
at the other end is the ludiment of a bud cij3Te3”Thc 



I’l'M st'fd — 
a, cotylcdonb ; (L 
axjH ; b, ladicle. 


10. Ik'an seedling— a, Fig. 11. Seed 
cotyledon, c, plumule; Of Ilean - c, coly- 
c, rpicotyJ ; il, liypocotyi ; lodoufi, p, plu- 
b, loot, mule, r, ladicle. 


plumule (fig. 10). if the seeds arc placed in moist loose 
earth the cotyledons first swell up and break the testa, and 
the radicle then comes out. It then bends down into the 
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earth and grows up into the root. Tho pluraulo also 

lengthens in a short time, but 
it grows straight up into the 
air and unfolds the first green 
leaves of the seedling. If we 
now dig up the seedling we 
notice that the cotyledons 
have softened and contracted, 
and as the stem continues to 
grow pjoducing leaf after leaf 
the cotyledons buried ui the 
earth gradually w ither and fall 
orif. 

The seed, then, consists of 
two paits : (1) the protective 

KiR. 12. seedling of Pen soed-ooat Or toete, and (2) tho 
- c, cotyledons, cmbryG“plant having cotyledons, 

plumule and radicle. The coty- 
ledons store a large quantity of food reserved for the 
nourishment and growth of tho embryo. The seed germinates 
only when it gets water, and also some amount of heat 
from the soil, for in a cold soil germination can not take 
place. The cotyledons absorb water, swell up, and push 
out the plumule and radicle from the split testa ; thev also 
soften, so that tho reserve food matter which is in a very 
condeiiaed form becomes gradually softened and soluble 
in water and so easily digestible. Tho plumule and the 
radicle grow at the expense of the food matter stored 
in tho cotyledons, but this is exhausted by tho time that 
the .seedling has developed well with ' roots in the earth 
and leaves in the air. Now the little plant can live 
independently, for its root absorbs nutriment from tho 
soil, and the empty cotyledons are of no further use ; they 
dry up and wither away. 
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Germination of Cucumber. — The seed is flat and 
rounded at one end and tapering at the other. If we place 
the seed in moist earth a sticky matter soon forms on 
Kig. 13. 



13 — 15. Orermination of Oununib»n ; fig. 15, seed coal (l) split 
open and radicle coming out ; tig. 1 1. Same later stage with Ijypocotyl 
the cotyh'donB <: out of the gi^ping tesLa, 

Fig, 13 , The seedling plant — h, hypocotyl, P, plumule, 

the surface and this fixes the seed to the soil. Within a 
few days the seedling comes out. At first the radicle peeps 
out from the narrow end of the seed, and the seed-coat is 
split open by the swelling of the contents of the seed. The 
radicle bends down and grows straight into the earth. It 
produces branches and thus fixes the seed to the earth. At 
this stage the portion of the axis just above the radicle 
grows strongly, and since the seed is attached at two points, 
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GERMINATION OP CUCUMBER 

first by the root and secondly by the sticky seed-coat, the 
growing axis bends strongly upwards like an arch and splits 
the ^ed-coat wider and wider. The gaping seed then 
liberates the two cotyledons so Ia*»g imprisoned within the 
testa, and then the axis bearing the cotyledons, called the 
hypocotyledonary axU or simply the hypocotyl, grows straight 
up into the air. The cotyledons here too are thick and 
Hes^y ; but they do not lie buried in the earth as in the 
Pea ; they come out in the air and become green like ordi- 
nary leaves. Between them lies the small plumule. A 
much similar germination is that of the Bean-seed 
(figs. 10, 11), only here the leaves of the plumule come 
forwai*d almost before the root has fixed the plant to 
the soil. 

In all these three cases we see that the whole kernel of 
the seed is the embryo, that there are two cotyledons, 
hence these plants are said to be Dicotyledonous or simply 
Dicota, and that the cotyledons arc swollen becasuse they 
store food matter for the growth of the plumule and the 
radicle. In Pea cotyledons are very swollen ; they have 
lost all likeness to leaves, they simply act as the store-house 
of fowl, and remain always buried in the earth. Such 
cotyledons are said to be hypogeal. In the Bean, Cucum- 
ber, Gourd, Melon, Morning glory. Sunflower and many 
other plants, the cotyledons store food matter no doubt, but 
they are ultimately pushed into the air by the hypocotyl ; 
they become green and have the appearance of ordinary 
leaves. Such cotyledons are said to be epigeal. The 
embryo consists of a very short axis ; this terminates in the 
plumule above and the raclicle below, while about midway 
are developed the two cotyledons. The part of the axis 
which lies below the attachment of the cotyledons is called 
the hypocotyl, the part which lies above it is the epicotyl. 
In Pea it is the epicotyl which elongates ; in Bean, Cucumber 
1(a) 
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and the other cases mentioned, it is the hypoeotyl which 
elongates and pushes the cotyledons and the plumule up 
above into the air. 

The whole kernel of the seed is not always the embryo 
as in the cases mentioned ; nor are the cotyledons always 
dosby. In the Castor-oil or Poppy seed the embryo is 
minute and lies embedded in an oily matter. Examiried 
with a lens after proper dissection the embryo reveals the 
presence of two small cotyledons, a still smaller plumule, and 
an almost insignificant radicle ; the whole surrounded by an 
oily matter. When germination begins the cotyledons 
remain for some time inside the seed, the radicle protrudes 
as usual and fixes itself to the soil. Then the hypoeotyl 
arches and elongates but instead of dragging the cotyledons 
out of the split seed'coat, it draws the whole seed up and 
becomes erect. Gradually the oily matter, which is really 
the reserve food-matter kept in store for nursing the embryo 
during germination, is absorbed and then the empty seed- 
coat is detached like husk and the cotyledons are liberated. 
Like ordinary green leaves they now appear as thin, flat, 
green structures which from this time onwards behave 
exactly like leaves. The food stored in the seed is called 
albumen or endosperm. 

'rhus the seed here consists of . — 

. The seed-coat or testa. 

The embryo which is very small and lies embedded 
in a reserve food called 

The albumen. Seeds with albumen are called 
albuminous, they have a small embryo ; seeds without the 
albumen (Pea, Bean, Cucumber, etc.) are called exalbumi- 
nous, they have a large embryo the mi^ior part of which is 
the cotyledons. Albuminous seeds have their food stored 
outside the embryo; exalbuminous seeds store Ibeir 40^ 
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GEfeMINATION Of RICE 

inside the embryo in the fleshy cotyledon s. All the cereals, 
Rice, Maize, Oats, and the Grasses and Palms have albumi* 
nous seeds. They have a minute embryo and a large 
albumen. 

Germination of Rice. — The Rice grain k really a very 
small fruit. The two husk protect the real grain, the thin 

pink-coloured coat of which is 
made up of the testa or seed- 
coat and the wall of the fruit. 
The rough husks serve to attach 
the grain to the soil so that it 
may not be washed away by rain. 
If we remove the * husks and 
examine the pink grain we notice 
a minute whitish body at one 
end. This is the embryo (fig. 
18a). The rest is albumen which 
supplies nourishment to the 
embryo as it grows up into a 
seedling plant. If we cut the 
grain into two lengthwise and 
examine the embryo with a lens, 
we shall sec that the embryo 
lies in contact with the albu- 
men by means of a short struc- 
ture (fig. 17s). Jhis is the coty- 
ledon. The free edges of this 
curl out and enclose the plumule 
and the radicle in the form of a 
,,, ^ thin membranous sheath. The 

plant ; c, the cotyledon, part of the cotyledon which con- 

nects the embryo to the albumen 
(fig. 1 7s) is called the i during goi-mination it pierces 

the hard albumen, dissolves it and makes it easily jf^simil- 
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able. The food thus prepared ia then sent to the plumule 
and the radicle in a dissolved state. First the radicle 
pierces the ssc-like covering of the cotyledon, (fig. 19r), 
bends down and penetiates into the giound, and develops 
into the root. The plumule also grows and elongates by 

Fig, 17. Fig. 18. Fig. ISJ. 



Fig, 17. Longiludinal Bcction of Hicc grain magnified to show P 
the tcutellnm ; E, the allunKiidiEtue ; j>, the pJumuJe ; r, the radicle. * 

Fig. 18. Bice giam slightly enlarged; a, the embiyo ; E, the 
albumen. 

Fig. l<h Wheat grain greatly enlarged ; s, scutcllum ; P, t ; the wall 
of the grain including the testa ; a, the tirst layer of the albumen • p 
plumule ; rt, the branch root ; r, radicle ; r.c, tl^e loot-cap. ’ ’ 

picicing the cotyledon-sheath which now remains behind as 
a thin scale lying at the base of the stem (fig. 16o), 

Here we have only one cotyledon, and hence the 
plant is said to be Monocotyledonous or shot tly a Mono- 
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GERMINATION OF PALM 

cot All the "grasses and cereals and bamboos are Mono- 
cots, They germinate precisely in the same way as the 
Rice grain. The grains are all albuminous, have a very 
small embryo lying by the side of the albumen, and possess 
but a single cotyledon. 

Germination of Cocoa-nut. — This is interesting 
because of its peculiar cotyledon. The hard shell of the 

‘nut’ is not the testa, it is the 
inner layer of the fibrous fruit. 
The shell can be carefully crack- 
ed so that the round seed 
inside conies out unbrdken. 
On the surface of this balMike 
seed is a thin brown layer — this 
is the tesla. Below this is the 
hollow, white, tough and carti- 
lago-liko*substaiiCC. This is the 
albumen. , In a young fruit this 
is a thin soft layer while the 
cavity is filled with a sweet 
watery liquid which in the ripe 
fmit becomes milky and un- 
palatable. The white tough 
kernel of the seed is wholly albumen, and the embryo 
is a minute yellowish body imbedded in it at one of the 
three ‘eyes’ of the shell. On germination at first a stout 
root-like structure comes out of the ‘eye’. This is not, 
however, the root ; it is the lower part of the cotyledon 
rolled up into a tube or sheath round the hypocotyl and 
its bud (plumule), and also covering the radicle. The upper 
part of this cotyledon (fig. 20) remains inside the seed 
in contact with the reserve food which it gradually 
absorbs. This part of the cotyledon forms a spongy mass 
tilling the cavity of the seed ; at this stage there is no* 



Fig. 20. 

Germination of a Palm, 
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roilk\ The outer part of the cotyledon enclosing the 
plumule and radicle bends down and is greatly elongated ; 

C 



21 , 

Fig. 21. T)rvrIojimcni of a Ilicot. A-- n, primary roni : I’l,, 

plumnJf ; ootyicdons. 

li — K, root-cap ; Rh, root haii B ; iF' Bccondary lools ; 1, bud^, 

C — the fully developed plant. 

its cojitiijl part is swollen and oontains the bidden plnmnn 
and radicle. Gradually the food matter ol the albumen 
is brought to this part by the stem-liko elongated cotyledon 
after it is rendered soluble and easily assimilable by the 
snongy part of the cotyledon lying inside tlio seed. Then 
the radicle and plumule grow up, elongate, and pierce 

the cotyledon sheath (lig. 20), the plumule growing up- 
wards into the air and the radicle downwards into 

he earth. The germination of the Tal (Palmyra Palm) 

and other Palms is much similar. The spongy cotyledon 

of Tal (Taler-pboni)hor) is eaten with relish in the country : 
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it is full of a sweet jnioe which the cotyledon prepares 
from the hard albumen. The Palms are all Monocots ; 
their seeds are all albuminous. 

Dicota and Monocots then differ mainly in the number 
of cotyledons in the seed ; Dicots have two cotyledons and 
Monocots only oiiff. Another important difference is that 



t 

Fig. 22. 


Fig. 22. Development of a Monocot. A — K, primary root, pi, plumule, 
c, cotyledon. B — later stage. O — the fully developed plant with 
numerous adventitious roots arising from the lower part of the stem 

the radicle in the Dicot is prolonged into a root which 
grows continuously and forms branch-roots (fig. 21) ; that 
of the Monooot however is short-lived) it does not grow 
continuously and forms at the most few branch-roots. The 
first root of the Monocot soon dies but very early new roots 
hom t\\Q lower part of the hypocotyl and the stem, as 
shown diagrammatioally in fig. 22 (see also next chapter). 
The following chapters of Morphology deal almost exclusively 
“^^h Dicots and Monocots and their pther differences will 
fpear later on. 
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SUMMARY. 

Germination ie the process by which the embryo of a seed develops 
into a plant. The conditions necessary for germination are : (1) 
water, (2) heat, and (3) air. Seeds contain very little water and unless 
these conditions be fultllied the embyro remains dormant inside the 
seed. The seed has (1) an outer protective coat or testa, (2) a store 
of ro:->crve food or albumen for tbe nourishment of the embryo, and (3) 
the embryo. In some seeds the embryo is very small and the albumen 
large-- these are called Albumincms Seeds--e,g,^ all cereals, lalms. 
Castor oil, etc. ; in others the embryo is large with fleshy cotyledons which 
store food-matter and fill up the whole cavity of the seed, and a separate 
albumen is not present — these are Exalbuminous Seeds e.s,> I*ea, 
Bean, Cucumber, Melon, etc. In germination, fiist water is absorbed 
by the seed ; it swells, the seed-coat bursts, the swollen embryo is pushed 
out, and the reserve food of the albumen or of the cotyledons then become 
gradually converted into easily assimilable matters under the action of 
water, heat and air. This food then goes to the plumule and radicle to 
nourish them. 


QUESTIONS. 

1. Distinguish between DIcots and Monocots. What is tfie use 
of the cotyledons ? 

2. Describe the germination of Cucumber or of any seed. 

3. What are albuminous and exalbuminoas seeds ? Give six exam- 
ples of each. 

4. Examine the following seeds and describe their parts : Pea, 
Cucumber, Tamarind, Mango, Date, Betel-nut anif Wheat, 

6. Compare the germinations of the Pea, the Bean, the Cucumber, 
and the Kice. 
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CHAPTER U. 

THE ROOT. 

From the last chapter we learn that the radicle grows 
up into the root. To study the root we should tirst examine 
a seedlings grown on coarse sand or moist blotting paper. 
Wo may also pull up seedlings growfi in pots or seed'beds, 
but then the earth about each seodling must be first care- 
fully loosened so that the tender root is not injured, and the 
adhering mud washed away in a gentle stream of waiter. 
This washing is not an easy task, for the particles of mud 
(fig. 24) stick to the root with great tenacity. 

In a well grown root of a seedling we notice that the tip 
is smooth and conical, a shape well suited to bore through 
the soil. At a short distance behitid the tip the surface is 
rather velvety or hairy, being clothed with fine white silky 
hairs (fig. 23). It is hero that the "particles of soil adhere 
80 firmly. The hairs are called loot hairs, while the tip of 
the root has a brownish cap, culled the root-cap. Behind 
the portion of the root clothed with hairs the surface is 
smooth, and farther away root-lets are seen to bo growing 
out (fig. 2l). In an old root we can easily distinguish four 
regions : (l) the root tip, (2) the region of root-hairs, (3) the 
region of root branches, and (4) Ihe older part which 
graduaify grows thicker. 

We all know that the root absorbs water from the earth. 
This water is held between the fine particles of the soil, and 
so to absorb it the toot must come in contact with the soil- 
particles. The root-hairs formed on the tender skin of the 
root can easily pass between these fine particles^ turn ' and 
twist round them, as shown in fig. 26; and suck up Ae 
water like a sponge. But as the root grows its delicate tip 
2 



18 elementary botany 


is pushed through the hard grains of the soil and continually 
wears away, but is as constantly replaced by the forma- 



i 


Fig. 23. A primal} 
rooi with loot- 
hairs. 



Fig. ‘25. A young Bean 
plant siiovving ibe tap-root 
' witli brancbw, h, root hairs, 

c, the cotyledons, p, the 
young bud. 

Fig. *24. The same 
with ndt.eiing 
mud. 


tion of a tissue which surrounds it at the top like a,j?ap. 
This is the root-cap. The tip of the root is also peculiaily 
sensitive to moisture and can at once perceive in what part 
of the soil there is water. It changes its course accordingly 
and thus arises the zig zag fornj of the root (fig. 25). The 
root-hairs follow the root-tip and rapidly absorb water, 
but as the root elongates the delicate hairs are torn away 
and fresh hairs are continually formed just behind the tip. 
The older part of the root then throws out branches which 
serve not merely to fasten the plant securely to the eaiih, 
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but also repeat the boring and absorbing characters of the 
n}%m root X 

Tap and adventitious roots.-- The first root formed 

by the radicle is term- 
ed the primary root. 
In Dicota generally 
this gradually grows 
up into a long, stout 
root, termed the tap- 
root; its branches arc 
the Hcondary rooU, 
In large trees *the 
tap root becomes en* 
ormously stout and 
long, and branching 
repeatedly, covers a 
large portion of the 
soil. A good form of 
tap root may bo seen 
in many common 
Dicot herbs * Sun- 
Mnstard, 

Natiya-sag (/4 

lUiUtm, var. okrncen), etc. It is especially long in plants 
of dry open places where the upper crust of the earth 
is dry and the moist substratum is at a great depth. 
The root of Kantikary (Solatium xantfiocarpum), or Sh^>L" 
kanta (Argemone rnexicana) may bo cited as an instance. 
In one plant, Hardwichia binaia, found in the drier parts 
of Chota-Nagpur, the seedling plant has a tap root no less than 
ten feet long ! The length of the tap root depends upon the 
depth of the sub-soil water. 

In MoDocots, however, the primary root does not live 
long and cannot form a tap root. The first root formed 



Fig. 2G. Part of a longitudinal fpction 
of a vory young roof, Iiighly magnified, 
sliowing the skin [Ep] bianiig rooi-haiiH flower, 
[nh] with adhering pai tic!e« of the wiil. 
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from the radicle parishes shortly aft^r germination, and 
newer roots spring from the lower part of the stem (fig. 22). 
They are termed adventitio'^ They are so -called 

because they do not arise from the radicle from which 
the root'system of a plant is derived, but may arise from 
any part of the stem. In Grasses and cereals the root 
system is a collection of thin, long, fi brous rw fg (fig. 30) 
coming out from the joirits of the stem. Similarly in Bamboos 
and the Sugar-cane the adventitious roots are formed in 
circles round the stem at the joints. In such Moiiocot 
trees as Palms (Cocoanut, Betel-nut) the root system is 
made up of long, iinbranched, rod-lilt e adventitious roots, 
some of which may be seen iust coming out of the tiunlt 
and pointing downwards. 


Kig. 27, Fjg. 28. Fig. 20. Fig, 80. 



The primary tap root is the rule in Dicots anti the 
Pines. But they may also produce adventitious roots. 
In fact all plants have a tendency to produce roots from 
parts of the stem which lie near a moist soil. And branches 
of certain plants, such as the Rose, the Marigold, the 
Jasmines, (Bel, Jui, etc), the Sajina (Moringayterygosperma — 
the Horse-radish tree) etc., may bo even severed from the 
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parent stock and planted separately ; in a few days they 
produce adventitious roots from the qjut end of the stem« 
Indeed these plants are mainly propagated by such cuttings. 



Fifi. 31. " Tue not qr Indian Banyan tree with prop roots. 


Soire very peculiar ard gigantic forms of adventitioas 
roots aro foimod in ccrtaiAi plants. In old Banyan (Bot, 
Aswatha) trees certain cord-liko or columnar structures 
may bo seen hanging from the boughs. These arc roots 
which gradually grow vertically down until they reach the 
ground. They thou penetrate into it, and growing thicker 
and thicker form very strong iiiliars for the heavy horizontal 
boughs of the tree. The Banyans live for hundreds of years 
and an old tree may have hundreds of such pillardikc 
roots, as shown in fig. 31. Such supporting roots aro 
better known as prop roots. Another kind of supporting 
roots may bo seen in the Screw-pine (Ketuky — fig. 32), 
The trunk of this tree prodaccs a number of cylindrical 
adventitious roots which grow out obliquely pointing dowir 
w^ards and then reach the earth. Prom a distance the 
plant looks as if supported on several stilts, like a spider 
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standing on its long legs, and so these roots are sometimes 
called 8tilt-*Toot8> 



Fig, H2, The Scicw-pine (Ketnky) with stilt roots. 

Modified forms of tap roots. — Three special forms of 
tap root are shown in ligs. 28, 29 and 33, m., the conical^ 
the fusiform y and the napiform. The conical tap root, 
host seen in the RadisJ^ (Moola) has a large base and a 
tapering apex, with slender branch roots coming out of 
the sides. The fusiform root is tapering both ways with 
a swollen middle from which thin branches may bo given 
off. It may bo seen in the common Pour o^ clock (Krishna- 
Kali) plant, Punarnaba (Boerhaavia repen$), Aconite, 
Palang or Spinach etc. The napiform root, as in 
the Beet or Turnip, has a very wide and swollen upper 
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portion, the lower end being drawn out like an oi'dinary 
long root. X 



Fi}/. 38. Napifoim looi of Fjg 81. Fsisr^iculatt* tool of 

Tuiiiip. ISatfimuli 

All the three forms aro soft, fleshy, and succulent, not 
hard and wiry like ordinary roots. This is because these 
roots belong to a certain class of plants, called biennials, 
which convert their underground puts into store-houses 
of food matter. Biennials, well-known examples of which 
aio the various roots used as vegetables, carrot, beet, mdish, 
sweet-potato, sank-aloo and turnip, develop during the first 
year a very short stem with a crowd of leaves, and often a 
fleshy tap root in which food is stored. In cold climates in 
the second year an erect leafy stem beari/ig flowers is 
constructed at the expense of the food-materials stored up 
in the thickened roots ; fruits are produced from the flowers, 
and after the ripening of the seeds, the whole plant dies down 
together with the exhausted roots. Such plants are termed 
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biennials because they live and complete their life-work in 
two years or seasons. But in warm climates, such as in the 
plains oi India, they are animals, and the food stored up in 
the roots in the early part of their growth are used up 
Jater for the growth of flowers and fruits. Hence cultivators 
take care to harvest them for the market before they run 
to flower. 

Other plants, called perennials^ (p. 30) live from ydSr to 
year, and have usually a cluster of fleshy roots. For 
instance, the Satamuli {Asparagtts) has a cluster or fascicle of 
fusiform roots (fig, 34), hence called fasciculate ; in Dahlia 
the roots are tuberous"'} in certain gmsses they are nodulose 
(with small swellings), in others moniliform (with a chain 
of small beaddike swellings) ; and so on. 

Growth of roots.— Boots branch in a fairly regular order. The 
youngest branch is nearest the tip of the main root while the older 
ones arise further and further away. The lateral roots are therefore 
said to arise in Acropetal succession- One important character 
concerning the origin of lateral roots is that they hrst arise inside 
the tissues of the main root, and then push their way through the rind 
of the latter. They are hence said to be Endogenous (arising within) 
in origin. Above and below each young lateral root the surface of 
the mother root wiU be found to be slightly split, denoting that the 
former has ruptured the latter as it forces its way outwards. This is 
not the way in which branches are formed on the stem. Stem- branches 
arise from the tissues of the mother- stem and are hence said to 
be Exogenous (growing outside) in origin. 

Special forms of roots. — The great majority of plants 
are land plants, i.e,, they are fixed to the earth by means 
of roots. The two main functions of subltrraruan rootsi or 
the mots of land plants are : (l) to fix the plant to the soil, 
and (2) to absorb water atid other food matters from it. 
In the case of biennials and perennials the roots have an 
additional function, vts., that of stoi*age of reserve food. But 
there are other plants which differ in their mode of life from 
land plants. These have certain special kinds of roots. — 



Ai^KlATlC PLANT 



3f). The liani-Paiia — Pisiia StrafioteSt 
showiiif' the lloatin^ device. L l» the Root'tip ; 2,2, 
the lioot-hairs. 
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1. Aquatic or floating roots may be seen in the com* 
mon Pistia (Bara pana)» the Water-hyaointh {Eichornia 
cra$sipt$)i and other floating plants of ponds and ditches. 
They arise in clusters of long, white, delicate threads from 
the lower part of the stem, and spread out in all directions 
in the water. They thus prevent the plant from toppling 
ove^ in strong current and wind, and act like a buoy. 
They do not penetrate into the soil and so do not perform 
the rough work of an ordinary root. A root'cap at the tip 
is thus unnecessary and is often not formed. Often they 
have no root-hairs but a copious branch system, and the 
work of absorption is done by all parts of the surface. 

2. Aerial roots, or roots hanging in the air and not 
attached to the ground, are found in certain perching planh 
or air-plants, called epiphytes. These are plants which rest 
on the boughs of trees to the bark of which they bind 
themselves by certain roots and produce other roots, called 
aerial roots, which simply hang in the air. There are many 
Orchids and Avoids ( Philodendron) which are epiphytes. 
The commonest instance is the Orchid Vanda (Easna) found 
hanging from the boughs of many trees. The epiphytes 
have mostly to depend for their food upon the air, and 
the hanging roots can absorb the water*vapour from the 
atmosphere. These aerial roots have no root-hairs, nor root 
cap, are generally unbranched, and most remarkable of all, 
are commonly greenish like stems. 

The term aerial root ie often generally used for all roots which 
spring in the air, the hanging roots of the Banyan which later 
on descend to the earth and form prop roots. Bat it is better to restrict 
the use of the term to the hanging roots of epiphytes. 

3. Parasitic roots are found in parasites. These are 
plants which live and feed upon the iuioe of other plants 
by driving peculiar sucking roots into the latter. The 
nourishing or host plant is thus deprived of its own food 
and may be killed by the parasite. Thus the twiner Cusenia 
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(th« Dodder— Alkooshy-lata or Swarnalata), fouiwJ exten- 
sively in thickets and hedges, has no leaves bi^ only a 
yellow wiry stem which twines round the stems of other 
plants. Here and there the two stems are joined by a 
tissue whioh proceeds as a small swelling from the parasite 
and penetrates into the interior of the host plant. This 
tissue is the root of the parasite by means of which it 
absorbs all the food matter that it requires from the host. 
Parasitic roots (often called haustoria) are very soft and 
simple in structure, and are not at all root-like in appettr- 
ance, for they only exist in the interior of other plants. 

The Sandalwood tree (Santalum album) is a curious 
instance of a rooi-parnsite. The tree has roots of its own 
in the ground, but when they come into contact with 
the roots of other plants, they attack them and suck food 
from them. 

4. Clinging or ^climbing roots are found in ^ root' 
cUmberf, For instance, the Betel (Pan) plant, as cultivated, 
is trained on sticks or poles to which the stem binds itself 
by adventitious roots issuing from the joints. So 

also in the Peppervine (Golmurich), the Qaj-pippul 
{Scindapsus officinalis) t and the large climbing Aroids 
(Kachoo family) found on trees. 

SUMMARY. 

The Root is an organ whic)i serves fco fix the plant to the soil and to 
absorb food maliters fiooi it, and is distinguished from the shoot in not 
bearing any leaves. 

The first root of a plant is the primary root ; its branches are secon- 
dary roots. In Dicots the pr.mary root forms generally a iaige and 
thick tap root with many branches. In Monocots it soon perishes and 
is replaced by a system of roots which arise not Irom the primary root 
but from the lower part of the stem. 6ucb roots are termed adventitions 
roots. They may be induced to grow in many Dicot plants also, », G , 
fiom cuttings or fiom stems ti ailing on a moist soil, 
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In typioal tap roots four parts may be easily distinguished. These 
are : [1] th6 root cap which protects the tip of the root, [2] the root- 
hairs behind the growing tip, which absorbs moisture and food from the 
soi), [S|] the root-branches arising further away, which serve to fasten 
the root more drmly, and [4] the oldest part which thickens and 
supports the trunk of the tree. 

Kinds ol root — As there are several kinds of plants, such as land 
plants, water plants, climbing plants, and so on, so there are different 
kind^of roots. 

1. SMirmuan mis or those of land plants have ordinaiily 
the four parts mentioned above. Dicot trees have an enormous tap root 
with many branch roots ; Monooot trees, [Palms and Bamboos] have 
stiff adventitious roots arising in circles from the lower part of the stem. 
Dicot annuals have generally a short tap root with branches, Monocol 
annuals have always fibrous roots. Biennial and perennials have 
thickened and ffeshy roots, [conical, fusiform, napiform, fasciculate, 
tubercular, etc.] in which large quantities of food matter are reserved. 

2. Aqiudk or floating roots a\e thin, delicate, and serve to keep 
the plant afloat. They have no root-cap, and root -hairs are more or less 
suppressed. 

3. "^Agiial roots of certain epiphytes arc unbranebed, cylindri- 
cal roots which hang in the air and absorb nourishment from it. They 
have no root-hail's. 

4. Clinibi^ or climbing roots of cei tain climbers are sl^ loots 
which bind the plant to a support. They have no root hajis. 

5. RirasUic roots, or haustoria, are very tender cellular organs 
which penetrate the tissue of the host plant and feed upon its juice. 

QUESTIONS. 

1. What is a root and what are its typical pans y Describe how the 
root is adapted to perform its functions. 

2. What are : prop root, adventitious root, fasciculate root, baus- 
toria, perennials, stilt root, aerial root, epiphytes, biennials, parasites, 
and annuals ? Describe their function. Give Indian examples. 

3. Describe the root system of ; Bamboo, the Indian Banyan, Betel, 
Radish, Mustard, Rice plant, Sugar-cane, Asparagus, Dahlia, Orchids, 
and the Sorf»w pine. 

4. Distinguish between the root systems of Dioots and Monooots 
generally. 

3. Show how the form of the root is modified according to the func- 
tion it has to perform. 



CHAPTER 111 

THE SHOOT 

Just as the mdicle grows down into the root, so the 
plumule grows up into the shoot. The root grows down- 
wards into the earth and avoids light, while the shoot grows 
upwards into light and air, and bears green leaves and also, 
after a time, dowers and fruits. An ordinary shoot consists 
of (1) the axis or the ^teppia (^) the loaves, and (3) the bud 
at the apex which continues the growth. 

The shoot which springs directly from the plumule is the 
primary shoot ; its branches are secondary or lateral shoots. 
The points from which leaves arise on the stem are termed 
nodes ; the portion of the stem between two nodes is called an. 
iniernode. A stem is made up of internodes. The bud at the 
apex of the primary stem is, in some cases (Palms), often the 
only bud which elongates the plant ; if this is cut od the 
whole plant dies. In most plants, however, besides the apical 
bud other buds are formed at the axils of the leaves, 
i,e,j at the angle between the })ase of the leaf and the 
stem. These buds (called axillary luds) develop into 
braiioh-shoots. 

Herbs, shrubs, and trees are readily distinguished. 
Trees are l«arge woody plants the lower branches of which die 
off leaving a clear trunk, and live for many years. Shrubs 
are smaller woody plants which have no clear trunk but 
numerous branches arising from near the ground, and are 
hence of a bushy nature. Hedgo'plants, such as Java (the 
shoe-flower) and Menthi (Henna— inr^rmis) are 
typical shrubs. Herbs are smaller and softer plants, not 
hard and woody, and do not live long. Some like 
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the Banana are large and tree-like, but do not live for 
more than a couple of years* According to their duration of 
life, herbs may be annunls (Mustard, Rice, Pulses), Uenuiah 
(Carrot, Radish, see p. 23), ot peremiah (Banana), 



J'ig. 36. The Century pJant 
AgW0 Americana, 


Annual herbs are those 
which germinate, grow, and 
conclude their flowering and 
fruiting within the coarse of 
a year, and after the ripening 
of their seeds, die away. Some 
annuals are very small, ^ no 
bigger than a couple of inches, 
and live only for a couple oi 
months. These are seen in 

a 

meadows amongst the grasses. 
0th ei s' are very large and tree- 
like, such as the Castor-oil 
plant which lives for eight to 
ten months and then dies. 
Biennials (p. 23) arc plants 
which ictjuire two years to 
complete their life. In the 
first season the seed germinates, 
produces the root ' and a small 
shoot, and stores up food 
matter ; iji the next season 
of the following year the food 
is used up in building a flower* 
and fruit-bearing shoot, and 
after the seeds are ripened 
the plant dies away. The food 
is stored in swollen foots 


or stems. The shoot of the first season has a short stem 


and large crowded leaves, while that produced in the next 
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season is a long flowering shoot almost without leaves. 
Perennial herbs live from year to year, the aerial shoot 
dies down periodically, and new shoots are formed eveiy 
year from underground parts. The Banana is a perennial . 
It requires two^ years to form its flowers and fruit, and 
then it withers, but a number of young plants crowd around 
it by this time. The whole plant does not die, for a part 
of it remains buried in the ground, lives and grows ifi It, 
and every year thro^ ws up aerial s hoots which produce 
the ohai’acteristic large leaves, flowers, and fruits. Other 
examples of perennial herbs are: the Water-lil y, Lotus, 
Kacboo, etc. 

In no plant is the stem developed uniformly from the 
base to the apex. Thus, in the common grass we find a 
brown stem trailing on the ground, from which springs a 
green »rial leafy stem and this terminates in the minute 
flowers so characteristic of grasses. Similarly if we dig 
up the Banana, the Ganna, or the Ginger plant, wo observe 
that the part of the plant which lies buried in the earth 
is thick and almost root-like, but up above it develops 
into a green leafy shoot which iu time produces flowers 
at the top. In fact in many herbs wo can readily distin- 
guish three parts of the shoot, three stories so to say, 
following one upon the other : — 

(1) The underground buried in the soil. 

aerial leafy shoot bearing green leaves, and 
(3) flowering shoot bearing flowers. 

- ,, In tfteq^^and large woody plants the underground shoot 
is noV'" regpgnisable, bat in' herbs it is often the most 
important and pv^minent part. In some herbs, such m 
the Bho^champa (Bhumi-champaka — 

(Aloe)j and Eajanigandha 

tuberosa), the leaves are arranged in whorls ^^led . 
ro$0iHs) on the ground, and an aerial stem is seen. 
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Such stemless plants are termed aca uUscenl (u » uot» eaulis 
s stem), and the leaves are called since they appear 

to arise from the root. In reality they spring f^om the 
underground shoot*. But though an aerial leafy stem is 
not formed, a long flowering shoot is produced at the time 
of flowering. Such a flowering 8^ptia..texmed The 
Pine^apple plant and the^ American Aloe (the Century 
plant — j4gave americana^&g, 36) are other examples. The 
latter is a stout shrub which grows very slowly. It 
requires from 15 to 20 years or more until it is fully 
grown, and then very rapidly a lofty scape with 
hundreds of flowers is produced. After the seeds are ripe 
the whole plant dies away, but not before a crop of small 
rosettes is formed from the underground part around the 
base of the parent plant. 

The underground or aubterranean shoot is also called 
the leaf’Scak regwn of the plant, because it bears scale-leaves 
and not ordinary green leaves. It is often thick and succulent 
as it acts as the storehouse of reserve food matters. These 
are manufactured mainly during the summer by the green 
leaves of the aerial ?tem, and are then conducted down into 
the underground shoot. Here they Remain quietly, deposit- 
ed during the winter, and afe spent next spring to 
build up new aerial shoots. The underground shoot 



in appearance, but is easily distin- 
guished from its nodes and internodes^ scale-leaves with 
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buds in their axils, and from the absence of a root cap at 
the throwing apex. The following are some of the important 
modified forms. 

1. The xkizoiM is an elongated ]i:Qpt^i^ke 
stem with distinct nodes and iii^rnodes, , and small s^le* 
leaves (fig. 37.) Ginger and turmeric, as we use them, are 
rhizomes: so too are the underground fleshy portion oC» the 
Mankachoo (Alocasia indtca) and the Banana plants. The 
rhizome lies buried in the ground, more or less horizontally, 
and is often very thick as it stores nutritive matter. 
Slender and creeping rhizomes may be seen in many grasses, 
Ferns, and in the common Shoosny'shak (Marsilia). The 
scale leaves with their buds may be easily seen in young and 
fresh Ginger (fig. 37). 



Fig. 38. A. Rhizome [diagrammatic] showing at B the scai of tiic 
previous years’ shoots, at A the new shoot of the year. 

2. The tuber is another form of underground shoot. It 
has a short, swollen, and fleshy stem with minute scale* 
leaves. The potato is a tuber. On its surface there are 
several *ey€s* or buds regularly arranged in little pits alopg 
the sides. The buds are protected by thin membranous 
scales which can be easily seen in young potatoes. The fleshy 
stem stores food matter at the expense of which the buds 
grow up into leafy sprouts. In oultivatiori the potato- 
tuber is out up and small pieces with the *eyes’ are 
sown. In time the buds grow up into plants. When the 
plant is well developed, tubers are formed from the 
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Fig. 39. The Water-Lily ~ Shalook — Nymphaea Lotus, 
showing the stem which is a short thick rhi?some with roots 
coming out from the joints. 
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ends of underground brancbes (sfcobns, p. 35} show^n in 
fig, 40 l Tubers are also formed in cerfcain other herbs , such 



Fig. 40. The Potato plaat with tubers. 

as the Araada {Curcuma Amada — the Mango^ginger), Bhooi' 
cfaampa (p. 30)) Hansraj {Hedychium coronarium)^ etc. 

The term ‘Huber is especially applied to a stem-tuber which must 
be distinguished from a BOOT-TUBfift (see p. 24). A stem-tuber differs 
from a root-tuber in having ‘ eyes * or buds on its surfacer 

The bulb is another form of underground shoot. It is a 
large Bub|arranean bud. It consists of a smalh fiat, disc-lihe, 
or slightly conical stem from the upper surface of which arise 
large fleshy scale-leaves overlapping each other. In the rhi- 
zome and the tuber the stem is fleshy while the leaves are 
insignifioant scales, but in the bulb the stem is very short 
while the soales are fleshy and store food matter.' The short 
disc-like stem of the bulb is entirely covered by the soale 
leaves, so that the growing tip Is not visible, but from the 
3 : 
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tourer surface of the stem-|ilate numerous adventitious roots 
are formed. TheOniou and the Garlic are com mem examples. 

Bulbs are either : ( I ) sca- 
ly (fig. 43) where the 
scale-leaves only partially 
overlap at "the margins 
(Garlic), or (2) tunioa- 
TEI>, where they form (fbm- 
plete sheathes, one inside 
the other (Onion). Other 
examples of hdihs are the 
Glory-lily {Gloriossa), the 
Spider lily {HyrmnocalUs) , 
the Siikha-darshan-lily 
(Ckinum), the Rajanigair 
d h a ( Poly ant hes tuberosa ) . 

The cotm is a large, 
thick, roundish under- 
ground stem with only a 
few scale loaves. It may be 

Fig- 41, Bulb of Onion cut to regarded as a condensed 
show the scale leaves. rhizome bearing buds and 

scale Meaves at one part, either at the flattened top or at the 
side, and a crowd of adveiitit’ous roots at the bottom. Tbe 
common 01 {Amorphophallus campanulatus) is a good exanilple. 

The aerial shoot is characterised by green leaves on %s 
stem and usually terminates in flowers. The Siam, 

or that which only bears green leaves, is, as a rule, erect, but 
certain small plants are too weak to keep their stem erect. 
These may be either prostrate and orbepino, that is, lying 
or trailing at length on the ground and rooting at the nodes, 
or CLIMBING. Erect stems are of various forms : delicate or 
herbaceous in herbs ; thick, hal’d, and woody in trees and 
shrubs. Tbe term ci|lrn is applied to the preuliar close jointed 
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stem of Grasses and Bamboos. The internodes of a culm are 
commonly hollow. The thick, unbranched, columnar trunk' of 

Palms, marked by the scars 
of fallen leaves, is termed 
a caudex. Dicot trees 
have, as a rule, a much- 
branched trunk. W^hen 
the main trunk is undivi- 
ded, long and mast-like. 

Fig. 43. Fig. 43. Scaly and the lateral branches 

A corn,. bulb. 

higher they arise on the main stem, so that the plant looks 
conical, it is said to be bxcubrbnt. When, however, 
the main trunk sool divides, and the branch-trunks also 
constantly divide, so that ' the plant has a dome-shaped or 
rounded appearance, the ultimate branches or twigs hanging 
down, it is said to be dbliqubscbnt. The following are 
some of the common forms of weak stems. — 

Tlhe sucke r is a shoot which first arises as a branch from 
the underground stem of a plant, and then gradually comes 
out into the air a short distance from the parent plant. It 
then grows straight up, forms its own roots and green leaves, 
and lives like art independent plant, while the parent plant 
ilies down. A common example is the Chrysanthemums 
(Chandra-mallika). These plants flower in winter after 
which the main stem begins to wither. By the next spring 
a crop of small plants with a crowd of leaves is formed 
around the main stem. They arise from the portion of the 
plant buried in the soil, from the buds in the axils of the 
scale leaves, thrive and spread on all sides all through the 
rains while the parent dries up or rots away, rapidly elon- 
gate and then produce flowers again in the next winter. 
Another good example of suckers is the Rose. 

The atolon is another form of branch shoot. It arises 
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from the lower part of the aerial stem, from near the grourvd. 
It does not grow upwards info an erect shoot but bends 

Fig 44 Fig. 46. Fig. U 



Fig. 44. A Backer [a]. Fig. 46. Offsets [a]. Fig. 46. Thorn a,a, 
buds of which the upper one has developed a shoot ; b, scar left by 
the subtending leaf. 


down, touching the ground with its free tip, and striking 
root from below produces an erect shoot. The arched 
portion, or that connecting the parent and the daughter 
shoot, in time rots away and the two separate. The follow- 
ing arc special forms of the stolon. 



Fin. 47. Fig 48. 

The Kham-aloo [Dioscorcaj Thorn of Pani-amla. 

The runner is a very slender stolon with long, bare, tbin 
inteinodes» which does not generally live long but perishes 
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in course of a year. The oommon Kalmishak ( fpomoea 
repians) and the Amroohebak (OzaKs eomicnhia), for instance, 
rapidly spread theraselyes In all directions by means of 
runners. They first arise in spring from the axils of leaves 
of the parent, bend down and trail along the groun d, and 
produce small- scale leaves at wide intervals, from the axils 
of which are produced erect leafy shoots, while the nodes 
put out fibrous adventitious roots. 

The offset is a thick and stout stolon. Its free tip 
turns up and produces a rosette of leaves above and a 
cluster of roots below (fig. 45). Many water-plants, such 
ns the Pana (iHstia)^ the Waterhyaointh (AicAomio) 
the Vallisnuria ^tc.t muLiply very rapidly by ofisets. 



Fig. 4y. TheToralata— Fig, 60, The Moon-flower— 

Quamodii pinnata^ Ticij—a twiner. Ipomma bona-nux-—^ twiner 

Climbing plants have relatively a thin main stem which 
is not rigid enough to remain erect and bear the weight of 
its branches and foliage. Most of the large jungle climbers 
are hard and woody, but their stem is only PLBXIBLB like a 
cable, and not like the trunk of trees. The reason why 
they climb is that like all plants they must have plenty of 
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air and light, and sinoe their stem is not strong enough to 
remain upright, they manage by various means to climb 
over the tops of other trees, and thus secure for themselves 
the most advantageous position as regards air and light. 
The seedling of a climber growing at the foot of a tree has 
at fii*8t a thin long stem with only a few small leaves at 
great intervals, and it is not until the roof of the tree is 
reached that a crop of branches and large leaves is unfblded, 
so that the whole weight is borne by the sheltering tree 
Climbers may be. — 



b'ig. 51. The Lau — Lagennria Kig, 52, The Pundul — Luffa 

vulgaris—^ '.cndril-cUmbcr. a?^jt7/wco -a teadril-climbei. 

1. TWINERS. Twining plants have long slender stems 
which move slowly iii the air ami twine themselves z'ound 
upright supports. Their tips, bare of loaves for a great 
length, may be seen nodding in the air, and if watched for 
several hours, may be observed to make a very slow sweep- 
ing movement through the air. Common examples are the 
Morning-glory, the Moon-ftower, and other IpommaSi the 
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Bean, the ApiratTita (CUtoria ternaiea), etc. Twiners may 
be: (1) DBXTRORSfif or those making olock*wise movementi 
from left to right {IHoscorea alata — kham'-aloo), or more 
commonly, (2) stNiSTBORSfc, or winding anti-clookwise, from 
right to left ( Ipomceas)* Fig. 50. '/ 

2. ROOT CLIMBERS— (see p, 26). 

3. Tendril climbers. Those are plants which prorliice 

certain special twining organs called ttndrils (p. 40). 

These are long, slender, whip-like bodies which slowly 
move through the air, and when a solid object, j a 
twig, say, is found in the way, it is grasped ^fig, 62) by 
coils thrown round it. Later on, the free part of the 
tendril lying between the climber and the support twists 
itself cork-screw fashion, or like a spring, and thus the 
plant is dragged towards the support to ensure safety. 

4. Stragglers or scramblers. These are climbers 
which ascend by simply stretching their growing tips 
through the forks and openings of the vegetation near- 
by. Their long slender shoots pieroe the thickets and 
reaching the upper snn-lit area begin to spread out the 
branches and leaves, so that a slipping or sliding back 
is prevented. Commonly thorns, prickles, hooks, ahd 
similar organs are profusely developed, and these afford 
a further safe anchorage. The common Eatiiali-champa 
{Artab&k^ii odoratissimn) is such a straggler with large 
beaked books (fig 66). The slender herb Lata-phatki 
(Naphatki — Vardv^^permum B alicacabum) is another instance 
of a HOOK-CLIMBER. Examples of sti-agglers with thorns or 
prickles are the common Sheakool (Zizyphus nap^a, }Fild), the 
large Bougainvilleas (Bhuban-bilasy or Bagan-biiasy lata), 
the climbing Hoses, and the Cane-palms of the Malaccas. 

Modified Shoots — In some oases shoots or branches 
are greatly modified in shape and structure to perform 
certain special fimctions. The itlkwinf aie iiistances.— 
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U The thorn {%8. 46, 48) w a hard, woody, poiated 
ohidct which acts aa a weapon of defence. It Is a* greatly 
suppressed and undeveloped branch. Examples : — the Bael 
{Bilwdkr^AegU Marmelos), the Wood^pple (Elephant*apple — 
kath-bel— jS’eroww Blephantum^ the Pomegranate (Dalim), 
the Karamoha (Uarissa carandas). 

Thoins {also called stem-tborns) must be distiugulsbcHi from other 
similar pointed .structures called spines and prickles. Thoms arc 
modified or undeveloped branches, and so are found in the axils of 
leaves or at the tip of a branch. They may be simple (Wood-apple), 
or branched (liael). In Gymmsporia montana (Baiicul, Hind), 
a shrub of dry iTgious, the thorns an* large and even l>ear leaves and 
flowers, Spines (p. flfl) are mo<lifle<l leaves or parts of leaves. Kor 
instance, tbe leaves of the common Jujabe (Kool — Bayer — ZuypMus 
jujidta) have two small pointed botlies at their base ; these are spines 
(Btipalaiy spines, see p. 61), being parts of the leaf. Prickles are 
hartl pointed bodies which arise irregularly from the surface of stem 
or leaves. They are neither modified stems nor modified leaves. They 
may be seen on the surface of the Bose (fig. 6.®l), or the Brinjal plant. 

2. The tendril is a long, filamentoua, whip-like body 
which can twine round a support and thus help a plant 



Fig. 63. Stem of Rose, Fig 64. Coccoloba Fig. 65 Flattened stom, 
showing prickles (h) (claiiode) of Opuntla. 

to climb. Stem-tendrils, or tendriHar shoots, which must 
be dfettaguished from leaf-tendrils (p, 66). may be seen 
jn all plants of the Cucumber family (Cucumber, dourd, 
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PutnpkiO) etG.)i and arise either in the axil of a leaf) or 
very near its base. The simplest case is seen in the Passion* 
flower (Jhoomko'lata) where they arise distinctly in the 
leaf 'axils. In the Guoumbor family the tendrils are often 
branched and stand just opposite the leaves. This is because 
they really represent the terminal part of a shoot which, 
being modified into a weak tendril, is pushed aside by the 
stronger branch developing from the aril of the leaf {p. 46). 



Fig, 67 . The Pea — a tendril climber. 

All tendrils are peculiarly sensitive to contact. If rubbed by the 
hard surface of a suitable support the tendril curves and throws a coil 
round the latter. At first this is loose but further rubbing tightens the 
grasp and fresh coils arc formed. So long as the tendril is young, its 
tip s!owly moves in circles in the air till a support is reached, Failii^ 
to get. one, the old tendril merely rolls up and withers away. 

8(a) 
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The cladode or phylloclade is a flat leaMike stem which 
assumes the functions of the ^reen leaf. The common 
Phani-monsa (Nag-phani— Opun^i'i Dilleni) is made up of 
thick) flattened stems or cladodesr while the leaves are entirely 
modified into spines (fig. 55.) The aquatic Pana, known as 
the Duck wood (Lemna — Chota-pana), has only a slender 
Fig. 58 Fig. 59. Fig. 60. Fig. 61. 



Shoot ol (qa<lo»le Teiminnl Section througli 

\8parAgU8 of Lemna am! axillary buiie a bud. 

shaft immersed and a fiat, green, floating structure which 
is really the whole shoot of the plant modified into a cladode 
(fig. 69). 

Many plants of tbe Mansa and Shii family (the sparges— £2^A9r5/a) 
produce a thick and flesby stem and very much reduced leaves which 
may either fall off early, or are converted into spines. In such cases 
the stem acts like the leaf. Tbe garden plant Coccoloba platydada 
(fvg. 54} has flattened jointed stems or cladodcs, and small leaves which 
remain for a short period only. In the Asparagus of the gardens the 
main stem ami branches are elongated, but the leaves are reduced to 
mere spines (s, fig. 58) from the axils of which arise green needle-like 
branches. These are cladodes. 

Buds are undeveloped shoots. The first bud of a seedling is 
the plumule; it gradually elongates and fqrms tbe shoot. The 
growth in length of a plant takes place mainly at the ape?r« 


BUDS 


43 


At the very tip of the stem the internodes have not yet elon- 
gated, the young leaves, which are in course of development, 
are crowded together and closely overlap the growing apex. 
This compact structure is the terminal bud (figs* 60,61). 
Fig. 63 gives a magnified view of such a bud cut lengthwise. 
The very apex of the shoot terminates in a conical bulging 



Leaf of 
Bryopbyllum 
showing adven 
titiouB shoots. 


Fig, 63. 



below which are the rudimentary leaves. The latter first 
appear as small conical protuberances, and become larger and 
larger the further removed they are from the apex. As the 
leaves grow more rapidly than the axis or the stem, they 
envelop the more rudimentary leaves higher up and, over- 
arching the extreme tip, form a bud. 

A bud, chen, is a rudimentary shoot consisting of a small 
axis or rudimentary stem the internodes of which are not 
yet elongated, and numerous ludimentary leaves which are 
closely crowded and overlap the apex. 

Branches of the main stem also make their first appear- 
ance as buds. Th^e arise in the axil of the leaves, and may 
be traced back even in the bud. Fig. 63 shows the i-udi- 
me nts of branch-shoots just appearing in the axils of the 
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young leaves as small bulgings. These are the radiments of 
axillary or lateral buds. As the lower leaves of a bud un- 
fold and the internodes develop, these axillary bulgings 
grow up into axillary buds (fig. 60, a), and in time elon- 
gate and produce branches. 

The tip of the shoot, as has been seen, is naked, and not protected by 
a .cap ^ in roots. Leaves and branches, so characteristic of the shoot 
also make their appearance as small ont-giowths from the surface of the 
young axis, 1 . 0 ., they have an external or Exogenous origin (cf. branch 
roots, p. 24). 

The terminal bud elongates a plant, the axillary buds produce the 
branches, and these are the Normal buds of a plant, so called because 
they arise in regular order, In predetermined jposltions on the young 
parts of a plant. Sometimes, however, the axillary buds develop long 
after the subtending leaves have fallen away from the old and thicket- 
parts of the stem. Such buds are called Dormant buds. 

In contrast to normal buds are those which are formed not in the axil 
of leaves, or at the tip of the stem, but irregularly from the oltl or young 
portions of the shoot. These are Adventitimts buds so called becaus'i 
they are formed out of the proper order. A common example is the 
pathurkuchi {Bryophyllum), The leaves of this plant are thick and 
ju’cy, and have marginal notches (tig. 62), If a leaf is placed covered 
with 'earth lor several days, small plants appear at the notches. These 
leaf shoots are formed from adTcntitious buds. 

In some plants buds appear more or less green and 
rapidly develop into a sboot. This may be observed in all 
rapidly growing annuals. Such buds are called naked, as 
opposed to those which open out only in spring and pass 
through a resting period in the winter or the dry season. Such 
buds are protected by brown or hairy scale-loaves and are 
hence called scaly buds ; e, g. Bamboo, Magnolias, Banyans. 

Branching in higher plants is always MONOPODIA L 
(MONO—one, PODOS=leg), i, e„ a main axis gives rise to 
lateral branches from which, in turn, other branches are 
developed. This is best seen in such tall excurrent (p. 36) 
trees as Pines, Auraucarias, etc. 

In many CryptogamB, the main axis does not branch JLaterttUy as 
in the monopodia! system, but splits its growing tip, as shown in fig. 
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65, £rom which the branches develop in the manner. \ This is 
known as the dtcltalomout (di=stwo, temnien=:ctit) type. The two forks 
may similarly divide at* the tip, or only one may divide, either alter* 
nately right and left, as in fig. 66, or only to the right or the left, 
as in fig. 67. The former is called a scorpiotd or aig-zag dichotomy, 
and^he latter a helicoid or coiled dichotomy. 

The monopodial branohiDg of higher plants may be either 
(1 ) BAOBMOSB. i. wj^ t he..TOain axisjaailiBMato 
and tHo 'Bran(£e8 gr^aall^ growing acropetally from below 
upwards* or (2) OY MpSE^ i. e., with the maiii axis soon arrested 
in growth whUe.the branches outstiipit in growth. jFigg. 68-71. 
Kxcurrent stems are racemosely branched, deliquescent stems 
or plants of a bushy nature branch in the cymose manner. 



Two special forms of cymose branching are easily clistiiiguished : — 

1, Jn the fiiBl, two or more lateral branches, arising below the 
terminal bud of the main axis, may develop more strongly than the main 
axis, BO as to overtop it, and each branch may be again similarly 
branched, and so on. When there are only two such branches below 
each terminal bud, the branching looks like a dichotomy as in fig. 66, 
and is called false Dichotomy. It differs fiom the true dichotomy in 
having an arrested stem at the top of the two lateral branches. When 
tlierc are several such branches, the branching is a false polytomy 
( poly = many). 

2. In the second type of cymose branching, only one lateral branch 
arises below the terminal bud, but so exceeds the main axis in devclov»- 
ment that its apex is pushed to one side, while the branch itself seems 
ultimately to become a prolongation of the main axis. This form of 
branching is seen more commonly in the flowering portion of the shoot, 
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and is shown diagrammatically in figs. 68 to 7U The axis which is 
thus formed > from the union of branches of different order, and 
looks like a monopodia! axis, is called a sympodium (synsssanitedf 



Fig. 68. Fig 69. Fig. 70. Fig. 71, 

podo8=5=leg). In many trees the terminal buds of each year's growth 
die, and the prolongation of the stem, in the following spring, is 
continued by a strong lateral bud, so that in a few years the sympodial 
nature of the trunk is not recognisable, and it looks like a monopodiumr 
The teii'lrils of the Cucumber family a'’c modified terminal shoots, while 
the axis of the plant is a sympodium ioimed by the strong branches 
which deYolop from the axU of the leaves and push aside the terminal 
tendril lar shoot (p. 40). 

SUMMARY. 

The Shoot, as distinguiaVied from the root, is that part of the plant 
which grows upwards towards light and air, and has an unprotected 
growing point. Three regions of the shoot may be distinguished. — 

A. The underground shoot, or the leaf-scale region.— This remains 
buried and bears scale-leaves. The moiliticd forms ar'*— (A) The 
Rhizome—^ root-like elongated undergrouad stem producing leafy 
shoots above am., roots below. Ex, Ginger, Turmeric, Waterhly, 

(B) The Tkfttfr— a thick, fleshy, globose, underground stem with 
scaly buds on the surface Ex. Potato. 

(c) The Bulb—SL large, fleshy, underground bud. Ex. Onion. 

(d] The Corm — a large, fleshy, underground stem with a few scale 
leaves. Ex. 01. 

Ikf-'.The aerial foliage shoot or the rfgion of giecn leaves. It 
may be-^ 
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1. Bw/.— Special forma are— 

(A) The the pecaliar an branched trunk of Palma« 

(B) The Ck/w— the join ted stem of Bamboos and Grasaes with 
hollow internodes. 

(c) Excurrmtt stem— an undivided mast-like main trunk with 
branches arising acropetally so that the tree is a huge cone. 

(D) jMiqMSceni stem — a much-divided trunk with branches 
hanging down so that the tree is dome-shaped. 

2. Climbers may be — 

(A) TuHnmrs which twine the stems ronnd supports — Bean. 

(B) Tendril- Climbers which climb by tendril— Cucumber. 

(c) Root-Climbers which climb by clinging roots — Betel. 

(D) Sira^iflers which anchor themselves on hedg«;B and thickets 
by hooks, thorns etc. — the climbing Rose. 

(3) Prostrate or creeping^ the special forms of which are — 

(A) Sucker— 9k branch shoot originating undorgrouml and becoming 
aerial. Ex. Chrysanthemum. 

(B) Stohn~An aerial branch bends down, strikes root, 

and forms an erect shoot at the end. 

(c) Runner— long filiform stolon. Ex, Oxalis, 

(D) Offset-^ 9k short thick stolon with a leaf-rosette at the apex. 

Ex. Pistia. 

The floral-shoot or the region of flowers. (See Cb, VI.) 

Some modified forms of the aerial shoot — 

1. Tendril (stem- tendril)— a slender, leafless, fllamentous body 
which coils round supports, Ex. Ououmber. 

2, Thorn— vk hard, sharp- pointed, undeveloped branch. Ex, Bilwa. 

B. Pf^lloclade or cladode—tk leaf-like flattened shoot. Ex. Opuntia, 

Lemna. 

[4. which is really a modified shoot.] 

Buds are undeveloped shoots. The first bud of the plant is the 
plumule. The bud consists of a rudimentary axis or stem with a naked 
tip, and a few rudimentary leaves which overlap each other and cover 
the axis. Buds are,— 

A. Terminal^ when at the tip of the stem. 

B. AxUlory^ when in the axils of leaves. 

c, Raked, when green and not covered by scale leaves. 

i>. Scaly, when protected by brown or yellow scale-leaves. 

B. Dormant, when they remain undeveloped for years, 

F. Adventitious, when they arise out of proper order. 



CHAPTER IV 

THE LEAF 

A topical green leaf consists of three parts : (l) a flat 
expanded poi'tion called the blade or la7Atna, (2) a leaFstalk 
or peiioUt and (3) the base of the leaf. In large leaves » 
such as those of palms, the leaf-base is large, expanded 
and boat-shaped. But in smaller leaves, such as those 
of many Dioots, the loaf-base is small and simple, and 
frequently bears two small outgrowths termed $Hpule$. 
They may be easily seen in the common Cotton or the 
Bean plant standing one on each side of the petiole at its 
base. Leaves with stipules are called stipulate ; those 
without stipules are exstipulate. The leaf-stalk or petiole 
Peltate leaves. 



Fig, 72. Pig. 73. Fig. 74. 

Leaf of Colocasia. Leaf of the garden NastuTtiuni, Leaf of Water-lily. 

is not present in all leaves. When it is mbsent, as in the 
Zinnia, the blade of the leaf sits direetly the stem* 
Such a stalkless leaf is called sessile ; a leaf with a Stalk 
is petiolate* 


STIPITLES 49 

The petiole serves to raise the leaf-blade and to hold 
it in the position best suited to get light. It also enables 
the blade to move freely so that it may not be torn by the 
wind. It is typically cylindrical, but a groove often runs 
on its upper surface making it slightly compressed and , 
chaiinolled. This is very prominent in the large leaves 
of Palms. In most leaves it is prolonged into the blade of 
the leaf as the midrib dividing it into two equal halves. 
In other leaves, as in those of Fap-Palms, it branches in 
the lamina into several strong ribs A lea! with a single 
midrib is oallrd ; that with several ribs is muXth 

GO^taie («ni = one, mul/i = many, cost<B — rihs) . As a rule the 
petiole is attached to the bottom of the lamina but in some^ 
leaves, as in those of the liOtus, the Water-lily, and the 
garden Nasturtium {Tropmohm it is attached to 

the back of the lamina. Such loaves are called peltate (see 
figs. 72— 74). 

Stipules are small leaf-like outgrowths from the base 
of the petiole. Commonly they stand one on each side 
of the petiole. As a rule they are much smaller than 
the ordinary foliage leaves, from which they are also 
distinguished by their lateral position at the base of the 
petiole. They are sometimes minute and scaly but when 
large, as in the Pea (fig. 77), they frequently look and 
act like leaves. In some plants they cover and protect 
the young leaf-buds and fall off soon after the leaf unfolds. 
This may be seen in the Fig, the Jack, Magnolias and 
Gbalta ( DUhnia) trees. Stipules that fall o9 at an early 
period are said to be deciduous, those that do not are 
pardnt0nif The following are some tuf the special forms 
of stipules.— 

(1) FRKB LATBR4L stipules are the simplest an4 the 
m<^t common form, as in the Cotton, Java (the Shoe- 
flower), Bean and other plants. 
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(2) FOLIACEOUS stipules are large and leaMike. They 
are conunon in plants of the Pea family. In the ooinmon 
Pea (fig. 77) the two leaMike bodies (a) which clasp the 
Fig. 76. Fig. 76. Fig. 77. Fig. 78 



Fig. 75. A (lecurrent leaf. 76, Leaf of grasp, (a) the ligule, 

(c) the node. Fig. 77, Leaf of Pea with foliacoous stipules (a). 

Fig, 78. Leaf of Laihyrus aphaca with foliac(H)U8 stipules anil tciulnJ, 

stem are stipules, while the leaf (b) to which they belong 
is partly modified into tendrils (c). In Mussor-chana 
{Laihyrus Aphaca) the leaf-blade is wanting, the petiole 
forms a tendril (fig. 78, b), and the stipules (s) alone are 
developed as large green loaf-like organs. 

(3) ADNATG stipules are those that adhere to the sides 
of the petiole and make it somewhat winged in appearance, 
as in the Kose (fig. 53, s). 

(0 iktbrpetiolar stipules lie between the petioles 
of two loaves standing opposite to each other at the same 
height on the stem, as in the Coffee plant, Bangan 
{tmra comnea), Gandharaj {Gardenia). They are sometimes 
targe, leaf like, and form with the leaves a whorl round 
the etein, tw in the Munjoet {Hvbia cordifoUa). Fig. 79, 
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(5) OCHBSATB stipulcB (fig. 80) fortD a hollow tube» 
called ochreQi surrounding the portion oi the etem lust 
in front of the petiole, as in Pani-marioh {Polygmvm 
• strrulaium). 



Fig. 79. Inierpetiolar Biiputes (S) between two leaves (L), 

% 

(6) TENDRILLAR stipules. Sometimes the stipules arc 
modified into long tendrils, as in the Sarsaparilla (Pwilax) 
family. 

(7) SPINOUS stipules may bo seen in Capparib bpwosa 
(Terw. Kabra), and in some plants of the BabJa (Acacia) 
family. 

Stipules arc rare in Monocots. The leaves of Monocots 
have commonly an expanded base which partly or wholly 



Fig. 80, Leaf of Polygonum with ochrea (O). 
embraces the stem. In grasses the petiole is represented by 
a complete sheath rolled round the stem, and at the point 
where the lamina bends away from this tube there is a little 



62 ELEMENTARY BOTANY 

membranous or hairy scale termed the (fig, 76i a). 
The grass lea! is hence called ligtdaU, The liguie i^reyeuts 
raiD water or dew from collecting in the sheath of leaf)*, 
and thus protects the delicate stem from rotting. 

In a few Bicot plants, as in those o! the Carrot and AnM hmiily, 
and in Kalajfra iNigella satiixi)^ the base of the petiole is sheathing 
or enlargtsd as in Monocots generally. 

T he l»f-bladc _or A is of the utmost 

importance to the plant, for it is herelfiat f oodL , matter s _are 
pre^ared.^ It consists principally of two tissues : (l) a.ioft 
green tissue (called chlorenchyma) which pi'epares food 
matters, and (2) a system of strands, known as the veins jor 
nerves which appear to spread in the lamina like tiny 
threads. The latter project more or less from the surface, 
specially on the lower side, where they often stand out as 
long white strands. When a leaf is crushed between the 
fingers the soft green tissue is easily destroyed but the veins 
remain as fine threads. The veins consist of long tubes 
through which water and other food matters travel. They 
appear very distinctly when a thin leaf is held up to light. 
It may then be seen that they proceed from the petiole or 
from the midrib* and by constant branching spread in every 
direction in the lamina. Their ramification is best seen in 
withered leaves of the sacred Banyan (Aswatha), the Teak; 
of the Jiean. In such leaves only the deircate framework of 
veins remains while the soft green tissue rots away. 

The veins not only conduct food matters to and away 
from the leaf-blade but also help to make it jrijgid and flat. 
They are so distributed and ramified in the lamina t hat it 
is not easy for the wind to tear it. The petiole also serves 
to prevent the tearing action of the wind, for the lamina can 
easily flutter Ind turn about with the slightest breeae. In 
some large leaves, as in those of the Banana and certain 
Palms* the lamina is easily torn into strips by wind and rain, 
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or during growtbi but after once torn they offer 
les» rodietenee. 

Vepatiflll i or the arraruspement qi the „ vfiins^ in the 
oI two principal ty|>e8. II we examine the leaf 
of a grains or of a bamb^ we find t^i|t ^e veins run par^Iel 
to one another from the to tte apex. Th^eort of 
venation is said to and the leaf is described as 

type in almo^ ^ ,M 9 n<^^ But 

Dieot plants the veins are not ptarallel. They fonpjs, very 
net- work, as may be seen , in thpe leave^i. pf the 
Hen^e the. venation is said to rejCi(^ 

and the leaf is de scri bed as net'veined, * 

Kinds of parallel venation. In the leaves of many 
Monocots, as in those of Banajna> Canna, Ginger and Lilies; 
there is a strong midrib continbous with the petiole, and the 
smaller veins run parallel from the midrib to the margin. „pD 
either side. T his is t he unicosta 1 1 J jypfli*. In the leaves of 
Qth^ ey Monocots, as in Gras s, Bamboo, Sugarcane and 
Cereals, t here is no singl e midrib but several, rifes^ run parjdh 
el from the base to the^ apex J they are connect^ to each 
other, cross- wise by numerous small, veins. In Fan-Palms, 
on the other hand, numerous strong ribs spread away from 
the top pf the petiole like the fingers of an outstretched 
palm, and the portions of the lamina supported by these ribs 
are traversed by innumerable smaller veins running parallel 
to the ribs. This is the muUicostate typo. 

IGuds of reticulate venation. — In most net-veined 
loaves we can easily distinguish a midrib which continues 
the leaf-staJk and divides the lamina into two symmetrical 
halves. Branchs arise from this midrib , like plumes on 
the shaft of a, and thin put by repeated branching 
J®flJ into the lamina giying rise to a net-wprl 
of weaker veins, This venation is said to be and 



64 ELEMENTARY BOTANY 

broad and large Dioot leaves, such ag.tiu>ee of the Cuna m^ r. 
the Papaw, the Lotus, and the Castor oil plant, there is 
Fig. 81. Fig. 82, Fig. 83. Fig. 84. Pig. 86. 



Fig. 81. Uniooatste parallel venation. Pigs. 88, 88. Multicostato 
paTallel venatioii. Fig. 84, Reticulate venation — pinnate type ; 
Fig. 85. Reticulate venation— palmate tape. 

no single midrib, but tbe leaf-stalk divides at once in the 
lamina into three, five or more ribs which spread ont like 
tbe fingers of the palm, Each rib bears sido-ribs on both 
8^es'“VfiicTi by repeated branching form a net-work. This 
type is c all^ iMimafgy and the leaf is described as pdlmately- 
veined or palmf-nerved, 

TheTorm of the leaf-blade may be — 

1. Linear o r very narrow and long, of almost uniform 
width, as shown in fig. 86, as i n grasses and the rjeg.P^AStv- 

2. Lanceolate or lance-shaped (fig. 87) a long and 
narrow loaf tapering each end, especially towards the top, 
MJ!LikaJ5iimh0o. 

3- Oblong (fig. 88) or wide and long and blunt at the 
top, as in t he Mang o. 

Oval or elliptical, somewhat like an ellipse in 
outline, as in the India n Ban yan (Bot) ; fig. 88. 

Ovate or egg-shaped, a wide leaf with oval base 
and nant)w top, as in the ^cred Ikinj^an ; fig. 89. 

6. OaBLBlC ULA Px gOTCND oj^jcpunjd, ^sjn the_I^^ 
tib^%arden Nasturtium ; figs. 73,74,85. 
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^ wi<lo left! with the 
baae forming two lobes the two sides of the petiole* 
as in the Betel, the Sunflower* 

Figs. 86, 87. Fig. 88. Fig. 89. Fig. 90, Fig. 91. Fig 92. 



8. Renif 6RM o r kidney-shaped, a cordate leaf rounded 
at the top and much wider than long, as shown in fig. 111. 

9. Sag ittate o r arrow-shaped* as in Colooasia 
(Kacho oi fig. 72) . 

10. Hastate, a similar^ Jeaf but with lobep ,^ppfn|i.pg 
outwards as shown in fig.^Ji* P. 

11. four-sided, as in the Water-chestnut 
(^n-phal). 

Fig, 93, Fig. 94. Pig. 95, 



Fitss, 93—95 Diagramfi to illnstrate leaf«outIin£. A, spatutate ; B, 
oblanceolate ; C, obovate ; D, obcordate ; sagittate ; F, baetate ; 
Q, cordate ovate ; H, lanceolate ; 1, subulate ; J. reniform, 

» 

12. CvNBATjjE.. 9 r wedge-shaped. 
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The outline of some leaves is just the reirarse ol the 
ebove. Such leaves are named with the prefix Thus 
the leaflets of the Amrool {Osalist fig. 113) is c^versely 
cordate, the apex instead of the base being lobed; it is 
oboordak. Similarly leaves may be oblaneeAaU^ otmaUf iAovah 
and so on. A subuhte leaf is a small stiff awbshaped leaf 
(fig. 93)i A spatulate leaf is shaped like a spatula. A leaf 
is unsffmmetrical or inequilateral i.e»^ the two sides un- 
equal by the much greater development of one side, as 
shown in fig. 92. This is characteristic of Begonias. 

Sessile leaves have sometimes 
a broad cordate base, so that 
there are earlike lobes at the two 
sides of the stem (see fig, 80) 
Such auriculak or eared leaves 
occur in the common Akanda 
(the Madar— Calotropis giganteaX 
Sometimes a sessile leaf clasps 
the stem so as to surround it, 
as in the Poppy and the Rape. 
Such a leaf is called <mple%icaul 
(fig* 96). A leaf is decurrtni 
when the lamina adheres to tbe 
stem and runs down it so as to 
make it wiriged for a short 
distance (fig* 75). A needle- 
shaped leaf, like that of Pines 
Fig. 96. The Poppy Plant, is acicular, 

' The apex of a kaf may be (see fig. 97),— 

1* or ending la a sharp rigid point (I). 

2 . or ending in a narrow soft point (H). 

8. or ending in a^ sharp acute angle (B). 

Qy ending in a long drawn out tip (A). 

64 Otow, or ending in a Wont angle to). 
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THE LEAF MARGIN 

6. Truncate, or with a flat end, as if tUe a(>ex is out off (i>). 

7 with a slight depression over the midrib (B). 

8* EmQ)^at€^ or with a largo deprossion over the midrib (P), 
i*. Oboordate, or with two large lobes at tho top (a). 

10. TetidnVar, or ending in a tendril, as in aioriosa (fig. 103). 
Fig. 97. Diagrams to illustrate the leaf -apex. 



1. Glabrous^ or smooth aa<l oven, as m Mango, Vinca.* 

2. Roughs or uneven and coarse, as m Fig, Indian Banyan, 

3. Pid>escent, or clothed with short downy hairs, so that the leaf 
is silky to the touch, as in Til {Sssamunt). 

4. VdlouSf or clothed with long^curlcd hairs. 

6. Tomentos 0 , or c'othe I with long wooly felted hairs. 

6. GlaucouSt or covered with a white bloom, as in Cabbage. 

7. Glandular^ that is having glamls containing oils or such 
things, as in Toolsy (the Basil), Lemon. 

8. Spinous or prickly ^ r.ii!., armf'd with spines, as in Kantikary 
{Solcmum xanthocarpum). 

The margin of the leaf may be — 

1. Entire, that is perfectly even, as in the Jack, the 
Banyan. 

2. Serrate (fig. 98 A.), that is cut like the teeth of a saw, 
the teeth being turned upwards, as in the leaflets of the Rose. 

3. Dentate (B), that is with large teeth pointing out- 
wards as in Java. 

4. Crbnate (C), that is with rounded teeth, as in 
Thulkury (Hydrocotyle asiatica—^g. 111). 

6. Wavy (D), or •b’inuowj (E), that is with slight and 
broad shallow depressions, as in the Devdaru (Folyalthia 
lonffifolia), 

6. Spinous, that is with sharp pointed processes, as in 
Sheal-kanta (Argemone mgmeano), 
iia) 
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7. Isoiawn, thAfc is out into segments by deep^inmions 
as shown in fig. 98P. 

Fig. 98. licaf-margins. 



A n a T) K F 

Wheti the teeth themselves bear firier teeth the margin 
becomes his^'rratet hidenfafet hicrmate, oto. In incised leaves 
the margin is deeply cut. When the segments of an incised 
leaf are rounded, it is called hbed, as in the Melon (Torboozi, 
the leaf of which is imlmately lobed. When they are pointed 
and the cuts do not reach half-way down the midrib, the 
leaf is called pinnaii-jid or palwaH^fid according as the venation 
is pinnate or palmate. When the ^uts go more than half- 
way, the leaf is either pinnatvpariite or pnlmati'partite ; and 
when almost to the midrib, or to the petiole, it is either 
piwaaH^sect or palmati'Wt, according to the venation. Thus 
Cotton loaf is palraatifid ; Castor-oil leaf is palmati partite ; 
Papaw leaf is palmatiscct and the lobes pinnatiseot, 
and so on. 

Sometimes the lobes of a simple leaf are irregular and 
unequal. For instance the lower leaves of the Mustard 
plant have deep marginal out« so that there are aeveml 
small lobes ending in a latge lobe $,t the top. Such a leaf 



OOMPOtJND LEAVES m 


18 described lua inraie (fig. from its resemblance to a 
lyre. A runcinde leaf is very much similar but the lobes are 
pointed as shown in (fig. 100), A palmatiseot leaf when like 



Fig, 99. Lyrale leaf. Fig. 100, Runcinate leaf. Fig. lOl, Im- 
paripinnale leaf. Fig. 102. Cirrhiferoaely pinnate leaf. Fig. 108. Leaf 
of GlorioMi ending in a tendril. 

the olaw of a bird, as shown in the diagram (fig. 91), is 
also called pedate or pedatisect. 

Simple and Compound leaves.— The simplest leaf is 
that in which the blade has an entire margin, t,^., it is not 
toothed or lobed. In other simple leaves the margin is cut 
up, so that the blade is lobed or incised. But however deep 
the cuts the segments of a simple leaf are joined. Thus 
the leaves of the Papaw and the Caator<oil plant are deeply 
incised, but they are still simple. When "however the leaf- 
blade is broken up into distinct and separate kafids the 
leaf beoomes compound. Thus the leaf of the Bose (fig. 53) 
has a stipulate base, a long petiole, and separate leaflets 
seated on it ; it is a compound leaf. Fig. 104 shows a simple 
palmatifid leaf, fig. 105 a simple palmatisect leaf, and fig. 106 
a compound leaf with three leafleU. In a compound leaf 
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the mauj petiole bears branch petioles or p^Holules support^ 
iug distinct leaf’blades called leaflets. 

Fig. 104. Fig. 106. Fig. 106. Fig. 107. 




From simple to compound leaf. Bipinnate leaf. 

Compound leaves may be of the pinnaie or of the palmate 
type. In a pinnately compound leaf the petiole is elongated 
and is pinnately branched, so that the leaflets follow one 
another on the petiole, as in the Rose. In a palmately 
compound leaf the petiole branches at its tip palmately, so 
that all the leaflets spring from the tip of the potjole- (fig. 
109), as in the Shimul (Silk cotton). 

A compound leaf with numeious leaflelB as in the Sajina {Moringa 
pierygosperma)^ is i^ometimes niif.lhken for a branch. To distinguish 
such a loaf fiom a ical branch it bhould bo icnieinberod that : (1) 
a compound leaf. Ijko a bimple loaf, may bear a hod or a bianch at its 
axil ; (2) ite base may be stipuJatc or expanded^ not free and rounded 
as in a branoh, (3) it has no terminal bud as in a branch, and (4) 
the apparent leaves (really leaflets) have no buds in their axils as true 
leaves have. 

Pinnately compound leaves: — (l) A compound leaf 
is pari'pinnate when the leaflets are oven in number, being 
arranged in pairs on the rachis or midrib, as in the Tamarind, 
the Gold Mobur, (Poinciana r^gia— Krishnachura), the Kalka- 
shinda {Cassia sop/iorci— Kasondi). 

(2) A pinnate leaf with an odd unpaired terminal leaflet 
is called impari’pinnate (fig, 101 ), as in the Rose, the Marigold, 
the Aparajita (Clitma /ernafea— Sankapuspa). 
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(3) When a pinnate leaf ends in a tendril it is cimhift* 
rously pinnate (fig. 102), as in the Pea (fig. 77).^ 



(4) A pinnate leaf may bo twice compounded, the main 
petiole may bear branch petioles on which the leaflets are 
pinnatoly arranged, as shown in fig. 107. Such a com poun d 
le af is calle d hipimflie. This is common in the Babla (Acacia) 
family. Sometimes a leaf is thrice compounded in the pin- 
nate manner, it is tripinnate as is Sajina (fig. 116). When 
the division goes beyonTtho^'third degree (fig. 114) the leaf 
is called decompound as in Anise. In the Sensitive plant 
(Mimosa pudka — Lajiabaty, Lajuk) the main petiole bears 
four peticiules which spread out from its tip, and on these 
leaflets are arranged in the pinnate manner (fig. 108). 
Such a leaf is termed digitately pinnate, 

Palmately compound leaves -.—Palmate, or digitate 
leaves are those which have a number of distinct leaflets 
arising from the tip of the petiole. Thus,-^ 
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( 1 ) A BITOLIAT E leaf has tvo leaflets, as in BarduicUa 
binata (Aujan). fig. 110. 



109. Leaf of the Wb lie Cotton Fig, llO. Two-foliato 

1 1 oe— Briodendron anfrcctuosum— d igit a i c !< n i of Barawickta, 

leaf with seven leaflets. 

(2) A TRIFOLIAT E leaf has three leaflets, ns in Amrool- 
shak (Oxalis)i th^BSli. 

(d) A leaf has four leafleisj as in 

"Shooshny-shak (Manrlia\ 

.(4) A PENT AyoLiATE leaf has five leaflets, as in Hurhu- 
riya (Oymndfopairp^SJaphj^), - 

(5) leaf has seven leaflets, as in the 

Indil^i kemp (OannaUs saiiva). 
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(6) A BtTERMATB leaf is one nbioh is twice com- 
pounded tcrnately. as in the Bael {/Sgh Marmths). 

(7) A TBITBBATB is thrice ternate, and so on. 

Special form of leaves:— I. occur 

ffonerally on all undergroun d shoot, ^e ’e^es’ of potato 
arc sinain>u38 covered by thin scales. The pul]^~ of* Onion, 
Garlic, “ITaJanig'aiidh'a {Pi^cmthes tvbtrosa) etc., are made 
up of fiephy scales. Seale leaves are also found in the 
aeri al sh oot where thfly.^iifia bud sealosJfptei^jg SpBr”*’ 

2. Ensiforu leaves ' are very long and %t li}te a 
sword. f Ky hH W rib petiole, nor a midrib^ an^ 
almost erect. For instance, the leaves of the common 
Hog la ( Typha elepkantina, the Elephant grass or the 
Ilulrush) are some six to eight feet long and one inch broad, 
and stand almost vertical like a drawn swordi 

3. Equitant are vertical like the last but 

are folded lengthwise on their middle like a folded note- 
paper. They are split only at the base, and being crow- 
ded the outer leaves bestride or embrace the inner ones. 
They may bo seen in the common garden plant Oladiohss and 
are characteristic of plants of the Iris lumily. 

Fig. in. Fig. 112. Fig. 113 . 
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Fig. 114. 



A decompound leaf 


Fig. 116, B'ig. 117. Fig. 1 18. 



Palmatifid leaf. Bitemate leaf. Unifoliate leaf. 


4. HETEROPHYLLY. — In Certain water-plants, e.g., the 
Water-chestnut (Pani phal —Trapa bispinosa)^ there are 
two kinds of leaves : (l) the floating leave which are 
flat and. large with a swollen bladder-like spongy petiole 
wbiiA ^rves as a float, and (2) the ^nhmerged leaves which 
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are dissected dr out up iuto numeroua irbread^like sagmeota. 
Such a Goadifcioa is kaow^u as heterophylly. Fig. 119 
shows a plint {Limnophila polystachya, Benth) which is 
amphibious, that is, half submorged and half aerial. The 
lower leaves are submerged and dissected, while the upper 
aerial ones are quite like ordinary leaves. There are many 
such heterophilous plants (Linogupphila) in swamps and 
ricetields. Floating leaves with a swollen bladder-like' 



119. Umnopfttlapo!ystacfya,^iin\h. The lower two whorls are the 
submerged dissected leaves. 


6 
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petiole may alio be Been in fcbe water-byaointb {Eititeffiria 
Qrampm) wbiob h very oommotj in stagnant waters. 
Submerged leaves are not always diiseoted. In many 
plants which are totally submerged, e.f., the common 
VallUnetia of ponds, the leaves are thin , and long like a 
ribbon. 


6. The leaves of U‘mon gag Orange (fig. 118) have a distinct arti- 
** eolation between the lamina ami the petiole which is expanded like a 
wing. Such leaves are by some regarded as compound and are described 

as UNIFOLI ATB, 

Modified leaves. -(I) Many tendril-dimbere modify 
their leaves into TRNORfLa These 



PMg. 120, The Phaniomonsa 
—Opustfa Oidmlf— show Mg thg 
spines. 


leaf'tendrilR (see stem-’tetidrils) 
are very sensitive of contact 
with a hard object which is 
soon clasped by coils thrown 
tound them. This is seen in 
the obmpound leaves of the 
Pea, the upper leaflets of 
which are tendrils (fig. 77). 
In the Mosoorchana (p. 50 , fig. 
78) the whole leaf is reduced 
to a tendril, while the large 
stipules act as leaves. In the 
Gloriosa of the gardens, how- 
ever, only the apex of the 
leaf is a tendril (fig. 103). 

^2) testJlnosJleftvp s are 

.Fhpllj. oonyeited- . ioto 
ppjnted stni^tuTfli. esUed 
SWSjft.. . , Thus the leave, of 
the Sbeal-kaota (Arjfmtum* 


are rfmed with sharp 
maTgii^ spines. loathe Phanimonsa DHJtmi) 
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DO l6aY68 are IbnnBd ; theyjw-e into, apipfis^ 

Id BarWia anaHm (Daruli&ariiirD, mmA in Hindu luedioine), 

s mountaiDOUB plaDt, the leavee 
of the main stem are entirely 
trauefoniied into ^^5*parlite 
spines and from their axils 
oondefised leafy brandies are 
formed. 

(3) PHYLLonsa are flatten- 
ed leaf-like petioles without 
the Umina. They oecur in cer- 
tain Australian Acacias where 
the lamina is so little developed 
that often nothing remains but 
the flattened petiole^ which 
thus assumes the form and 
function of the leaf blade. 

In oeitain plants, called ineectivoroas plants on account of tboir 
feeding on insects, the leaves are modified into special organs by means of 
which they can seize and then digest small inseefh. These are discussed 
in the chapter on nutrition under Physiology (part lU). Other modifi- 
ed leaves, such as floral leaves and bmet leaves, are described in the 
folto(ing cliapters, 

^ib ^sificdtion of Leaves . — Cotyledon s or swd leaves. These arc 
the leaves of the embiyo. They serve to provide nourishment to the 
young seedling, either by storing food matters, or by digesting and 
absorbing food maud's stored in the seed. 

(oataphylls or cataphyllary leaves), found as a 
rule on underground stems, also on some aerial stems, as in the young 
culm of bamboos. They serve to protect the young buds of a plant, 

3, F qlia& b buavnB i^or the ordinary green leaves of plants.* 

4, Bkadx lbav bb (hypiophylls), or certain special leaves which 
protect flowers. 

6. Fdobal leaves (anthophylls and sporophylis), or the Icav^ 
which make up a flower. 

Duration bn a aVes.*^ Every year leaves unfold in spring and old 

ones fall off/^TiT^meTrcfft, such iU5 the ^iik-ootton, the leavcfe fall off 
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v«]'y early so iltat the plant is leafless for gome • months" (winter) of the 
year. Qttch leaves are calle*i panmuon fl. In other plants (Baoyaiii 
Mango) they remain thionghout the year and fall off only when the new 
ones are becoming tleveloped m spring. Such leaves are called jPBnaia - 
and the plants are therefore called EVBKQEiiaNf. In many 
Pines, which are typical evergreens, the leaves remain attached to the 
plant far sev. ral years though new leaves are developed each season. 

Arrangement of leaves in the bud : — In a bud the 
young leaves are packed away as compactly as possible in 
order to economise space. The arrangement of the leaves of 
a bud with respect to one another is called ABSTIVATION . It 
may be : (1) OPEN, when the leaves forming a w'horl are not 
in contact by their margins, (2) valvate, when the edges just 
touch but do not overlap, and (3) jMBRiCATg , when they over- 
lap one another by their margins. The manner in which each 
leaf is tucked up in the bud is termed vernation. It is — 

(1) CON DUPLICATE, when the two halves of the lamina are 
folded together along the midrib, as in the leaflets cf Rose. 

(2) PLICATE or PLAITED when the leaf is folded several 
times along several ribs like a closed fan, as in the Palms. 

(3) CIROINATE, when the loaf is rolled down from apex 
to base like the tail of a dog, as in Ferns. 

(4) CONVOLUTE, when the lamina ie rolled from one 
margin to another length-wise, as in the Banana. 

(5) R gvo^^uT p;^ when it is rolled downwards from each 
margin towards the midrib, so that the upper surface is 
external, as in h'eriuw odorum (Karabi.) 

(6) Involute, when the lamina rolls upwards from 
each mai^ii towai^s the middle, as in the Water-lily. 

(7) CBum;LED^ irregulary folded, as in Cabbage. 

L SUMMARY. 

^4 typical green leaf has three parts: (1) the leaf -stalk or petiole% 
(3) a Uaf-blade or lamina and (3) two outgrowths from tb^ base, 
called st^ks^ The petiole and the atipules are not always present. 
A j^f #Jt/hout a petiole ts sebsile, one with the petiole is petiolate, A 
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] gtf witfaoat stipules is exgtipqlat c^ oiie wj th fttlpules ia 

The UtninA is fihe most imj^tant pdrt of the leaf. It has (1) a 
giten soft tfssoo which prepares food matter, aud (2) a camber of veins 
which condnct food matter and also keep the lamina flat and Arm. The 
an angement of the veins in a leaf is called venat^. It may be 
Parallel (Konocote), or Keticuiate (Dicots) 

I ! 

Unicostate, Moitioostate, Pinnate, Palmate, 

with one mklrib With many with a midrib with several strong 

(Banana) strong ribs (Sunflower) ribs(Papaw). 

(Palms) 

Stipules art! leaMike appendages of the leaf- base. They commonly 
arise in pairs on the two sides of the petiole. The following are the 
special forms. — ^ ^ 

1. Foiiaceous stipules, as in the i*ea. 

2. Adnate stipules, as in the Bose, 

3. Interpetiolar stipuh s, as In the Kangun. 

4. Ochreatc stipules, as in Polygonum. 

5. Tendrillar stipules, as in Smilax. 

(L Spinous stipules, m Acacia. 

at do they do ? — They protect the young bud. They are there- 
fore wont to fall off, or shrivel, soon after the leaf hat? opened out, but the 
special forms mentioned above commonly i^ersist thioughout the life of the 
leaf, for they have to perform more important work than mere pro- 
tection. For instance, the large stipules of Pea prepare food mailers 
like leaves ; the stipules of blmilax help the plant to climb : those of 
Acacia act as weap'^ns of defence, and so on. 

The mam types ot leaves are : (1) seed-leaves, (2) scale leaves, (3) 
foliage leaves, (4) bract leaves and (5) floral leaves. 

Foliage leaves are either aimple or compound. In a simple leaf the 
petiole is un branched and bears only a single blade ; in a compound leaf 
the petiole is blanched into petiolules each of which bears leaflets. 

Simple leaves, whether stalked or sessile, aie of various forms, liarge 
and b^Oad simple leaves arc often lobed or inciswi. 

Compound leaves a’c either pinnate or palmate. In a pinnately 
compound leaf the petiole is elongated as the raebis, and from this 
branches or petiolules arise acfopctally like plumes on the shaft of a 
feather. In a palmately compound le^if the main petiole ends abruptly 
in a number of petiolules. A pinnate leaf may be more than once 
compound ; it may be bipinnate, Iripiimate, and so on. A simple 
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pinnate leaf i« pari-pinnatc when the Ida4^ are pnii^ed $ impftd- 
pinnate when there is an unpaired terminal lea^fiet ; orrrhiferouBly 
pinnate when it ends in a tendrih A palmately homponnd leaf^ 
oommonij also called digitate leaf, is bifoliate, tr{foiiat6| qtiadrifirilate, 
eta, when the nomher of leaflets is two, thisei^ four and so <m 
respectively. 


QUI^TIONS, 

1. What are the part of a typical leaf ? What do you call the leaf 
in which one or other of these parte is absent ? 

2. What are the veins of a leaf 7 Describe the various ways in 
which veins are distributed in the lamina. 

S, What are stipules ? What is their function 7 Name the principal 
forms of stipules. 

4. What is venation ? Describe the venation in the leaves of (a) 
Date Palm, (b) Sunflower, (c) Grass, (d) Cucumber, (e) Lily, (f). Water- 
lily, (g) Banyan, (h) Papaw. Give diagrams. 

5. Kxplain ; — sessile, exstipulaie, lanceolate, reniform, pubescent, 
orbicular, multicostatc, reticulate, glaucous, cordate, serrate, pinnatifld, 
acicular, tomentose, crenatc, obovatn, peltate, anriculate, deciduous, 
eilisiform, decompound, araplexioaul, equilant, and digitate leaves. 
Give examples and diagrams where possible. 

6. Name the various forms of simple leaves. 

7. Enumerate the various forms of compound leaves 

8. Jlow wouM you distinguish a simple from a comp^iund Irat ? 
Examine the following leaves and say whether they are simple or 
compound Papaw, Castor-oi), Cocoa-nu{, MarigoUl, Rose, Nim, 
Potato, Tamarind. 

9. In w'hbt respects do Dicot leaves dil^er from those of Monocots 7 

10. How may the leaf be modiiied to act as a climbing organ ; What 
is heteropbylly ? Give instances. 

11. Examine and describe in technical language the loaves of: 
Bamboo, Brinjat, Cucumber, Jjotus, Mango, Pea, Mustard, Silk Cotton, 
Anise. 

12. Describe ihe various kinds of leaves that may be found in a 
higher plant and the functions that they perform. 



CHAPTER V. 

PHYLLOTAXIS. 


is t e y^ ed 

PHYLLo?AXi£3Pf®^ pmeip^^^ 

meHtTTTr"^eii the leaves etand alone, one only oconring 
at a node, they are said to be at^tbrnatb pit * 

(2) when two leaves stand at the same level, one on eaoh 
side of the stem, they are jypQS^ Tie ^ and (3) when more^ 
than two originate from one node forming a circle or whorl 
round the stem (fig. 1 19), the leaves are called whoelrd or 


Alternate' leaves 
are variously arrange* 
ed. Sometimes they 
are truly alternate ; 
that is, the second 
leaf is exactly on the 
other side of the stem 
from the first. The 
leaves thus stand on 
only two vertical 
rows on the stem : 
the 1st, 3rd, 5tb, 7th, etc., leaves standing in one row, and 
the Snd, 4th, 6tb, etc. leaves on the other ro#. Such leaves 
are termed distiorous or two ramksd, and may be seen 
in all Grasses, Bamboos and cereals. In some oases, as in 
Sedges and other Monooots, the Teaves stand on thr^ vertical 
rows, so that startiDg from one leaf the fourth stands Just 
vertically over it. The 1st, 4th, 7th, etc. lel^veB stand 
in one row ; the 2nd, 5th, 8th, etc, stand on a second ; 
and the Srd, 6th, 9th, etc. l^ves on the third, This 


VERTIOILLATB. 

Fig. 123. 



Op|)osite dccessate Aiternate 

leavsa leaves. 
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¥ 

arrangement is called the tristiohous or thrhk-RANKkd 
arrangement (fig. 124). 

When a line is drawn round the stem so as to pass 
regularly from leaf to leaf, we find that its course is spiral. 
This line will form on horizontal prelection a coil* as shown 
in figs. 127-30, and is known as the GBNBTIC spiral* The 
vertical lines on the stem on which a series of leaves, 
as mentioned above, lie are termed ORTHOStlCHifiS* 
These are always equidistant, that is, they divide the 
circumference of the stem into a number of equal seg- 
ments. The symmetrical appearance of a shoot is due to 
this fact* 

In the two-ranked (distichous) case, the spiral line 
commencing at any given leaf completes one circuit and 
commences a new one at the third leaf. In the three- 
ranked (TRlf»TlCHOUs) arrangement, the spiral completes 
one circuit and commences a new one with the fourth leaf. 
The fraction of the circumference of the stem which lies 
between one leaf and the next (measured on a horizontal 
plane) is termed the angular divergpnok. This in the 
distichous case is one-half, in the tristiohous, one-third. 
These fractions are instructive. The numerator (1) indi- 
cates the number of turns of the spiral forming a complete 
cycle, while the denominator (2 or 3) expresses the number 
of leaves (and also the orthostichies) in that cycle. The 
angle subtended by the leaves at the axis or centre of 
the stem is, in the first case, half of 360® = i 80“, and in 
the second, one-third of 360® * 1 20®. 

In the pentartichoUS or five-ranked arrangement of 
leaves the coiwiitions are more complex. Here the sixth 
leaf stands over the first or the starting leaf, and begins 
a second story which ends at the 1 Ith leaf. (Fig. 125). There 
sarjft consequently five yertfenl rows or ortbostiebies on which 
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the leaves Ke : vie.i the first ^ith the Ist, 6th» llth, ate. 


Fig. 131. Fig. 126. Fig. 12 6. 



leaves ; the second 


with 

2nd, 

7th. 

12th, 

etc. ; 

the 

third 

with 

3rd, 

8th, 

13tb, 

etc. ; 

the 

fourth 

with 


4th| 9thf 1 4th, etc. ; 
and lastly, the fifth 
with the fith, tOth, 
15th, etc. leaves. 
The spiral line 
starting from a 
given leaf oomple** 
tes a CIRCUIT round 
the stem after pass* 
ing the next two 
leaves, as shown 
in fig. 125, but 


the OTCLB is not 


completed till it passes through the 4th and 5th leaf, and 
finally reaches the 6th. Here the cycle is completed and 
a new one begins. This arrangement is represented by the 
fraction 2/5 ; the number (2) indicating the number of 
turns round the stem to complete the cycle, and the 
denominator (5) the number of leaves (and also the 
orthostichies) in the cycle. The angular divergence is two- 
fifth of 360* « 144. The two-fifth or pentastichous arrange- 
ment is common in . Dicots, and may be observed in the 
Gi*otons, the Banyans, Java, Sunflower, and so on. 


The OOTASTIOHOUS or eight-ranked arrangement is 
where eight vertical rows of leaves on eight orthostichies 
exist, and the ninth leaf, starting from a given leaf, stands 
over it (fig. 1 26). There are thus eight leaves in the cyde. 

Ha) 




74 


ELEMENTARY BOTANY 


III this case the spiral takes three taros rouod the stem as 
it comes to the 9th leaf or completes a cycle. The phyllo* 
taxis is represented by the fraction 3/8 indicating that there 
are eight leaves in three complete turns of the spiral, 
and that the angular di^itance between any two successive 
leaves is tb*-ee-eighth of 360°. This type is not very common. 

Fig. 127. Fjg. 128. Fig, 129. Fig. l30. 



Fig. 127. One-luiJC alternate or spiral pliyllotaxis. Fig. 128. 
One third spiral aiTaiigemont, Fig. 129. Two-tifth pliyllotaxis. 
Fig, 130. Opposite decussate pliyllotaxis. 

Opposite leaves stand at the same level on the stem 
with their nodes springing from its two sides. The circum- 
ference is thus divided into two equal parts> and the leaves 
may all lie on two vertical rows only. This occurs in many 
plants, e.g. in Rangun, Gandharaj, Kadaraba, etc. The 
pairs of opposite leaves, however, commonly alternate, that 
is, they cross at right angles, the third pair standing over the 
first. Such leaves are called DECUSSATE (see fig. 122). 
Instances are the Toolsy, the Bakash, the Jasmines, etc. 

Whorled leaves. — In some plants leaves arise in whorl 
of three, four, five or more. For instance, in the Saptaparni 
{AUtonia schol'iris—Ghskttim, 5ap<a— seven, pama — leaf), 
there ai’e generally seven leaves forming a whorl at the top of 
the branches. The tree itself has a characteristic appearance, 
for the branches spread out horizontally in whorls of 
three or five, forming tiers a few feet apart. Generally 
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when the leaves are whorl edi the leaves of one whorl stand 
over the intervals between those of the next whorl, but on the 
same vertical line with the leaves of the 
third whorl. In other wordS) the whorls 
ALTSRNATB. In fig. 119 is shown an 
aquatic plant {Ltfmnt^hilo) with whorls of 
three leaves. In some trees a number of 
leaves appear to spring from oiiO point, as 
in the Fines, where the short branches 
commonly end in throe long, slender, 
ueedle-like leaves in a cluster. Such 
leaves are called fasciculate, and Jbhe 
cluster a FASCICLE. In the Pines the fasci- 
culate leaves really belong to a branch 
the inter-nodes of which are not developed ; 
so they all spring from one i)oitjt, as the 
bud from which they originate does not 
elongate, and a few membranous sheathing 
scales sunound the base of the fascicle. 

Advantage of phyllotaxis.— Observation 
of leaf-arrangement in different plants 
shows that generally leaves which arc 

FubciculaicVaf broad follow the half or one 

of Tino. third plan, while those that arc narrow are 

crowded and have the two-fifth or three-eighth arrangement. 
Thus climbcis gcnoially have largo broad aid cordate leaves 
which are dispc sed on two or three row s on the stem ; that 
is, their phyllotaxis is either half or one-third. Generally 
speaking, as the loaves arc more narrow, such as lanceolate, 
linear, acicular, etc. their phyllotaxes are represented by 
fractions of increasing complexity, such as two-fifth, three- 
eighth, and five-thirteenth, etc. 

Leaves are so arranged that they do uot shade those 
above or below them more than is absolutely necessary. 
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Fotj light is of the utmost importanee to them and hence 
they economise space*. Broad leaves if crowded too much 
would throw each other in the shade much more readily 
than if they ware kept widely apart. The widest angular 
distance between two leaves is 180 *i and this explains why 
most climbers have the distichous phyllotazis. Again» narrow 
leaves if allowed to grow at wide intervals would leave 
large sunlit areas unusedi and so they become crowded with 
two'fifth, three-eighth, or more complex phyllotaxes, being 
placed not on two or three vertical rows, but on five, eight, 
or more vertical iities on the stem. The principle appears 
to be : if the leaves are large, scatter them widely ; if small 
and narrow, crowd them according to the degree of 
narrowness. 

Many herbs exhibit a difference in the size aiid position 
of their foliage. The lowest leaves near the ground are 
the largest or have long petioles, those next above are visibly 
shorter, and often in the regioii of the flower, are changed 
into very small leaves or into mere scales. The leaves near 
the ground may be spread almost flat, or slightly bent 
down, while those higher up stand erect hoi izoiitally, the 
younger leaves at the top being obliquely bent upwards. 
This may be easily observed in the Siniflow^er plants. By 
this arrangement is secured a better illumination of all the 
leaves, for the top leaves can not overshadow those growing 
below. In plants, however, which have incised, lobed, or 
compound leaves, there is little danger of injury from sha- 
dow cast by the upper leaves, for enough sunlight can pass 
between the lobes and segments to the leaves below. The 
strips of shadow thrown on the lower leaves move their posi- 
tion along with the sun and remain at one spot only for a 
short time. . Hence it is that in plants with much divided 
or compound leaves all the full grown leaves are of equal 
size apd length, and stand out from the erect stem at about 
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the same angle, Fpr similar reasons certain plants of the 
Aroid (Kachoo family) have perforations in the leaf-hlade 
through which light can easily pass. Branches and horisontal 



Fig. 132. A tiaiJing plant forming Icaf-moBaio on the ground. 

twigs also attain the most advantageous position hy twisting 
their internodcs or petioles, or by adjusting tbeir length, 
so that they come out of the cover of the overlying leaves. 
In this way small plants and climbers, especially trailing 
plants, expose their foliage fully to light and air. 

Leaf-mosaic.-^ The arrangement of small and large leaves on the 
same shoot is very beautiful in certain plants growing in dark or half- 
shadctl places. The larger leaves leave gaps between them and these 
aie Idled by smaller leaves which twist and turn bo as to leave no gap 
unoccupied. The result is a mosaic-like fitting of leaves of various 
Bi!se and shape, so that a continuous green surface, as shown in fig. 132, 
is exposed. Such leaf-mosaics may be seen in many plants which 
trail over walls or in shady places. In the common Four-o'clock plant 
(Krishnakali, — M^abilis ,Jalapa) an almost similar fitting of large 
and small leaves may be ^served. In the Water-chestnut (raniphal) 
the fioatiug leaves form dense rosettes bn the surface with large and 
small blades fitting closely together, so as to present a continuous 
green surf ace 4o light. 


CHAPTER VI 


INFLORESCENCE. 

Flowers often ^rise in ^ustersi because the flowering 
shoot (see Chap. Ill) is more freely branohed than the vege- 
tative shoot. A branch -system bearing flowers is termed an 
inflorescence. As cbmmcmly understood, an inflorescence 
is a collection of flowers. The number of flowers in an inflo- 
rescence is very variable, e.g., three only in the common Jas- 
mines, several thousands in certain palms (Date, Fan palm). 

The axis of an inflorescence (called also the rack is) is 
generally the continuation of the vegetative axis. In certain 
herbs, such as the Onion, the Lily, Bhoichamiia, Rajani- 
gaiidha, etc., (see acaulesceiit plants) there is no foliage stem, 
the leaves form rosettes, and the stem of the plant lies undor- 
grouiid ; but at the time of flowering a long stem springs 
fioni the centre of the leaves and bears only flowois. Thjs 
is called a SCAPE. It is an elongated Ibwciing sLoot with- 
out any foliage. 

l^^low er-bud s, like leaf-buds, often aiise in the axils of 
loaves xyhich are hero of a_diifcrent lonn and function, and 
are called BRACTS, or brnct-lcavcs (hypsophylls). " Flowers 
subtended by bracts are called bkac teat e, t,bofie that have no 
bracts are ebr ACTUATE. Some fluwers, .such as Java, Morn- 
ing-gloi-y, Datura, arise singly from the axils of the ordinary 
foliage leaves, and are hence termed SOLITARY and axillary. 

is a peculiar to the iiifloroscenco, 
and serves mainly to protect the flower while still in bS53l"^^ 

A branch may subtend a whole cluster of flowers, ahd'TEou 
diminutive term bracte ole is applied to iho small bracts, often in 
pairs, which he at the baseof the individual floweib. ■ 
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A flowdrbad be either skssili^ or STALiCBn ; in the 
latter case the s^lk is called th) pbdljmole^ aad ui a maQb" 
branched inflorescence^ tfie' slen- 



Fig. 133. A capitulurn ; in, the Fig. 134. Infloi-eecence 

involucre of bracts ; f, the flowers, of a Palm— S, the spathe. 


Bracts are special leaves found in the flowering portion 
of a shoot. Their fiin^ion is mainly to protect tbh flower- 
buds from rain, dew, heat, etc., and from undue radiation 
and cooling at night. They subtend either iodividual flowers 
or a whole inflorescence. Sometimes they are green, like 
ordinary foliage leaves, though” miwh^ smafle^^^^^ the 

Bakash (AihcAoda Fa$ica), Here the vegetative stem bears 
large cordate leaves, but terminates in an infloresoonoe easily 
recognised from the small green leaves which overlap like 
the scales of a fish. These overlapping leaves are bracts, and 
each bears a sessile flower-bud in its axil. Almost similar 
lAggiGATnffG bracts ^^m obsprye d in other plants 

of the Bak^k {AeanihAcsaa), and in the common 

Omm^Hnag, 
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In many Monooots, a large^ bract sabt^nda a 
roflcenoe and forms a boat-shape^sheatfir^^^^^ a mxjgn, 
"^biTm'ay IJe^seen in t he eonmion t Kaohoo (figs. 
1 35, 1 38) and also in ^many Pa lms Tfig. 1 34), 
The flowers of those plants are very small, and 




Fig. 185. Spathe (cut open) and spadix of Cdocasia, Fig, 136. 
a typical cyme of three llowers— a dichasium. Fig, 137. A capitolum 
cub vertically — c, the rachis ; 1, ray tiorets ; 2, the palca subtending 
3, the difiC'floret , 4, involucre (diagrammatic). 


form dense clusters which are covered and protected by the 
spathe. In some plants of the Kachoo. family {Aroids) the 
spathe is a flat,, wliitfij. or rose-coloured loaf wjpeh is very 
attractive, and for this the plants are extensively cultivated in 
the ^rden. Such floured spatbea are also seen in the 
The flower-cone (mocha) of the Banana (fig, 140) consists 
of numerous large, imbricating, boat-shaped bracts, each with 
a row of flowers in its axil. As the cone grows, the bracts 
open and stand up one by one and expose their axillary row 
of flowers, while their inner scarlet lining serves to attract 
insectis. The upper surface is grooved so that rain or dew 
is easily drained off. 


Coloured bracts, called.petaj9iid fcersfptf, are also found in the oomiaou 
garden plant Lal>pata (.BiphorlAa pulcherAme^i where a whorl dl 
vemfitlon^ooloured leaves spreads out Ciom the top of the humpies 
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bears a small* gre<m, cup-sliaped body in the centre. Tne leaves are 
bracts, while the central cup w really an inttoresecnce. In another 

common garden plant, 
the Bhnban- or 



^agaa-bilHsy-:ata, a 
huge thoin-cUtnbcr 
(p. 351), there are 
three rose- red bracts 
forming a whorl, and 
each bears a small 
greenisti flower, ^hc 
cluster' looks like a 
single Hower, the 
brads appearing like 
j>etalBOr the oolonred 
leaves of a flower. 
The three flowers at 
the centre are in- 
conspicuons, bnt the 
bracts serve to make 
them prominent and 
attractive to insects. 
This is another useful 
purpose serval by 
these bracts. 


Fig. I3fl. Fig, 139. In BQtnc plants 

Inflorescence of Colocasia (Kachoo). — 

Fig. 138, Entire, with spatlix (B) and spathe small gtoen btacts 

(S), Fig. 139, same with spathe. (B) partly 

removed j f, f, the flowers. COllCCtea to 

gother in dense 

whorls or spires just below a gi’oup of flowers. Such a whorl 
is^dSnSa arl iMVOLtrORE. It may be sbd'n Sunflower, 

l>ablia^"^TaHi^Id^, Zinnia, Ohrysenthemums, etc. {BgnSS).* 
The flowers of these plants ate densely crowded on a flat 
rachis (fig. 137, c) and the bracts form an involucre (4). A 
much leas dense involucre is seen in the Carrot and 
Anise family. 

, The busks of paddy are bracts. Such stiff, ebaff-like* , 
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8m»n bracts are eaUed palk^ or Qi,tmia. They are found 


A. 


E 


IT 



Fig, 140. Inflorescenoe of Banana. A, 
flowar Gone (Mocha) , B, a single fipathe 
with a row of sesBile flowers , C, a flower. 


in Omaaos, odroak 
and Bamboo. In 
the Sunflower and 
other plants of the 
family, the small 
floweis are indivi- 
dually subtended by 
white, membranous, 
soale-like bracts or 
palem. This may be 
seen by cutting the 
inflorescence verti- 
cally into two and 
then carefully remov- 
ing the small florets, 
(as in ffg. 137). 


Typos of Inflorescence —The various 



Fig. 141. Fig. 142, 

A typfosi raeana, A panicle 


forms of flower- 
clusters may be 
placed under two 
principal types 
the RAOSMOSS and 
the CYMOSBi, ac- 
cording to the 
system of branch- 
ing (see p. 45). 
In a typical 
raceme* as in the 
Mustardl and the 
Badfflh, the flow- 
era open gradu^lt 
from below 
wards* as 


BACSMOSB INFliOR^BNGE 

in ig. liU u> wliiln tlia lint Boirttra «i« joM 

opening, tiie azia goes,, on growing and forming nnilB 
flower-bods mar tip, la' a typkal ejmie^ as Hi th« 
JasmineB <B«i, Mallika), the flowers open gfodnaUi! drom 
above domiwatds, as shown in fig. 19fl{ tliat' is, the axis 
forms a - bud first at the top and th«M ania^r b|^ iower 

down. In (he first ease, .tha gtdwtfi oi the ax is is oontinami 

even aitor tiie first bud or flower is fomed j '"in’”*llf'''1E5c*Ebd 
tii^ formi^B of a flowerbud at the top. cd His axis ter- 
minates its farther growth. Hence r aeeroaee k riaa (sdied 
the INDEFIHI^ and the ogrmoee^V xmm^ '^^metxSSP, 
in thTfintT^e flowers open in the AOfiibimTAli or aaSSlag 
order, in (he second in the descending orien 

Fig, 148. Fig. 144. Fig. 146. 

Spike. Componsd aipiwL Umbel. 



Fig, 146. 
Cwymb. 


Rucemose or Indefinite infloreocencea.-rThe amplest 
case is that of a long bearing stalked floww_ .ahich 

open gradudly from below upwar^, so that the infiora^me 
w tap^tfeg. it is termed Hm .. JtAOKpiB. It k very 
oommon'ond toay be observed in the Pea family, in .the 
Mliabard, the Radish, in the various kimk of Onhids, 

' <h« gatdefi plants Delpimimi, Antirrhinnm, etc. A 

that is, an elongated axis with' 
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flowisi'6 seated directly on it» is c alled a 1^^^* 

It is fouiid in the Bakash (Adhaiod%) fainily» in all Grasses 
and oerealS) as well as in all Palms. In the Aroids (Kaohoo 
{amny)p the spathe (p. 80) encloses a thick club-shaped 
raohia (fig, 139,s) on which there are hundreds of minute 
flowe?^ ({). This is a modified form of the 8pike» and is 
termed the lapAPix ; it is a fleshy spike. The inflorescence 
of the Banana ^he flower-cone known as the Mocha) is 
also of the nature of a spadix (fig. 140). Sometimes a spike 
falls away from the parent plant when old, as in the Betel 
pjjptjMiid the male Toddy-palm (Tal). Such a deciduous 
sfi^ is termed a catkin. The flowers of a catkin do not 
produce fruits, for they ai'^ all male, and are as a rule 
minute, dry, scaly, and arise in large numbers. 

The inigcst infloic&crncc (spike) is found amongst the Palms (fig. 134), 
The *Fan«palm (Corypha umbrQCulifera\ for instance, flowers only 
once in life, in 30 or 40 years, and then dies. The inflorescence consists 
of a huge cluster of epikes eubtcndc<l by a large boat^shapcd spathe. 
Th^' small flowers are ecycral lakhs in number. The almost similar 
though roucli smaller inflorescence of tlie Pate-palm is well-known, 

A peculiar fcim of spike is found in some of the garden varieties of 
the Oock’s-comb (Morug-phul). The end of the vegetative shoot 
develops abnormally into a crcst-likc solid rechis (ftg. 149), and this is 
covered on all sides with bright -colouretl scales (bracts) and small, diy, 
sessile fiowci's. This inflorescence is sometimes calleii a Cacnanlhium. 

The raceme aird the spike are types pf indefinite 
inflorescence with a long rachis. But the rachis is not 
elongated in all racemose inflorescences. In the^Cauli-flpyjtej 
and in the Candytuft (/i^ris), the infloresoeoco is more or 
loss flat-topped. This is because the lower flowers are 
raised on longer stalks than the upper ones, so ^ to bring 
them all nearly ou^a4|eyef, as^dSll^n in fi 146. The mam 
axis is compai*ativoly short. Such an inflorescence is tamed 
a CORYMB. Another flat-topped inflorescence is the 
(fig, 14BVl^nd in its simplest foim in the Onion, 
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dmm (Dhania), and Crinum (SaTchadarahan). Hera the 
main axis is either very short or altogether undevelo^, so 

that the flower stalks 
all appear to spring 
from its tip. The 
Ijpfloresoenco ^ Js_so 

called be^n^ it 

looks like an ojjjen 
umbreila, as shown 
in flg* 145. In the 
Carrot and. .. 

family, the jjmbrifli 
are . .mostly com- 
pound ; i» 0 »i the 

pedicels of the first 
set at the top of the 
rachis do not bear flowers but each supports a secondary 
set of radiating branches, forming sleondary umbels or 




Fig, H8, Cyme of Phlox. Fig, US. The Cock’s-comb. 

t?MB^gLr,ULESi (fig. 144). Umbels usually have an involucre 
at their base. A compound raoeme, such as is produced by 
the branching of a raceme, as shown in fig. 142, is often 
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a pdfiijele ; bat the term is loosely applied to any fom 
of branched r<iceme or corymb* A oomponifid spikci as in" 
Paddy and niansr gmflee8> is a fMeme of spik^* 

The inflori^ence of the Sunflower family is 
OAFltui^M {fig. 133). It consists of a bowl-shaped or flat 
raclrist as shown in section in fig. 137, and a large number 
of small sessile flowers seated on it. The whole cluster is 
surrounded on the outside by involucral bracts^which serve 
to protect the young cluster. Gradually as the capitulum 
unfolds, the flowers at the circumference open out first, and 
then the inner ones circle after circle, and lastly those at 
the centre; that is, the flowers open csnfrtpsf ally, fro m t he 
eircumference to the centre. If we suppose the axis to be 
elongated, instead of being flat, the central flowers would 
be higher up the raebis, the outer flowers lower down, in 
regular otder, and the opening of the flowers would be 
ascending or acropet|l, as in a typical raceme. The flowers 



Fig, 150. The Fig. Fig. 161. A vcrticiUsstcr. 

at the circumference have each a spreading limb, and are 
called the BAV-Ft.0REts ; the others are small and tubular, 
and are called the mso^FLORBTS. This is, however, not 
always the case. The capitulum of Kushum (Oarfhamus 
for instance, has flowers all alike. 
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A lorn of oapitul um ia the hbap .. la it this roofau fomu 
a Bmall ball «ritli otauvSeMr tninatci oesrila flowon «U orw iti 
Burfaioe. ExaasylM are seen in the SAdamba {Anihoeephgk^s 
ecdamba), the Sena^rire plant (i^. l47),"tEe Ibhla (AeadoX 

K In as elongated raoemoee infloreeoenoe the flosraia open oeiwgM^ 
^Kdlf, tfom below npwarde. In a flat- topped ra^oee Is^ow* 
Bcenoe, oorym^ umbel, oapitnlnm, they open omriptiaiyt 
from the outside to the oeiitre, ^Thls is ebown in figs. 145| 140. Ini u 
oondeusefl cyme, however, the central flower opens first ami then those 
that lie outside, ils., they open aMtifugalfy^ from, the ccntf^ to ihe 
ciroumlerence. Hence the racemose is sometimes uIIk> ealled 
petal, and the cymose the centrifugal type of inflhs«i^ee. 

Cymose nr Definite infloteacencea.— The moat 

ti active feature of all cymose luSoreseeiioes is that the 
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younger lateral onee, so that it has the appearance of a 
three-pronged fork. More commonly > however, the lateral 
axes bear branohes below their own terminal flower, and 
this arrangement is ropeated in each of the branches, so 
tluUi a complex and compact cymose inflorescenoe is the 
result (fig. 148). This may be observed in the Rangun 
{Isora eoccinea), Spergu/aria, etc. This inflorescenoe is 
termed a dichasium. In certain case, the main axis instead 
of pro^ucmg only two lateral axes, as in the last case, 
thrpws out three or more branohes, each of which may 
again branch in a like manner. Such a cyme is palled a 
polpchasiurris but it is rather rare. Sometimes the flowers 
in a polychasium or dichasium are sessile. Such a oondens' 
ed cyme forms a fascicle, as in the garden annual Sweet- 
william (Dianthus harhaiu%). When the fascicle is globose 
it is termed a glomeruU, 

the Toolsy (Basil) family a peculiar form of condens- 
ed cyme is formed. The leaves are opposite, and each 

forms at its axil a throe or 
five-flowered fascicle, so 
that the two fascicles 
together form a whorl of 
sessile flowers surrounding 
the stem. In each fascicle 
the central flower opens 
first (see fig. 151 ) and then 
those at the flanks. This 
inflorescence in known 
as the veriicilla.%ter, 

Sympodial cymes.— 
Fig. 164, Hatifioor. If instead of two or more 

lateral bratiches, as in tiie above cases, the main axis fonus 
6ne btanch below its flower, and this in its turn tfam^ 
out a single branch below its terminal flower, jro OH 
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the branches develop in this order, a one-sided or uni- 
lateral cyme, or a monochasium is formed. This is 
shown in the diagrams (figs. 68 to 71) on p. 46. 

Monochasial cymes have a sympodial axis, as explained on 
p. 46, and may be either HBLtcoiD, or soorpioid in form. 
When simple they look like, and may be easily mistaken 
for a raceme, but the cymose nature is at once detected 
from the position of the flower-stalk which stand not in the 
axil of the bracts but opposite to them, as shown in 6gs. 
69, 71. The inflorescence of the common fence-climber Mind 
is a pair of helicoid cymes, as in fig. 153. Another 
example is Hati-soor, Heliatropium indicum (fig. 154). 

Dichasial, polychasial, and monochasial cymes are 
also called biparaus, muUi^arous and uniparous cymes 
respectively. 

Mixed Infioreacence. — Vaiious combinations of racemose and 
cymose intlorescencea aic met with. Tlius, in the Sautlower, Zinnia, 
OirysantheraamB, etc., the individual capitula open centnpctaliy, but 
they succeed one anotber on the primary stum in a descending order. The 
capitulum at the very top of the plant is the first to open, then the top 
branches from capituta at their cntls, and then successively the lower 
branches. Similarly in the Toolsy family the verticillastets are cymes, 
but they develop and follow one another on the stem from below up- 
wards, that is, raccraosely. In the Teak (Sbagoon— 7«cf0;ia grandis) 
the flowers form a large much-branched inflorescence. The branches 
of the first and second order arise racemoseJy on the rachis, so that 
the form of the inflorescence is conioal, but the terminal part of the 
branches bear simple dichasial cymes. The terra Thyrsus has been 
applied to this sort of inflorescence. 

The i nfioresoe n oe of Figs (D ooraoor) and Bany^ns^ is^yery^ com plex. 
Pie ^Hbwers of these plants are extremely minute and lie hidden inside 
a bowl -shaped hollow rachis, as shown in flg. 160. The popular idea, 
tliat the Figs do not flower bat at once form fruits, is explained by the 
lAcf; that people do not see the flowers as they lie hidden inside the 
excavated rachis. They can be easily seen on catting a longitadinal 
seotion of the yoang so-called fig-fruit. Such an inflbresoenoe tinned 
» ffypmtffvdaim. 
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SUMMARY. 

A Braoi jia a Imt subtending a flower or a clnster (rf flowers. It; 
usually protect the young flower-bods, bat is sometiuies ooloored to 
attract insects, or may be dry and scaly. Kinds of bracts 

1. FoUacaoflks, or small aotl green leaMike bracts. 

2. Spatfte, a large bract sheathing a whole infloresoenoe^ as in 
Palms, Aioids. 

3. or highly cohinml bract, as in iHongainvillea, 

4. bo/oktcnA bfocts form a whorl surrounding a dense flower -cluster, 
as in th6 Sunflower family, Cariol, etc. 

5. Pgkm^ or small, dry, scaly bracts subtending small flowers, as 
in the Sunflower and the Grasses. 

An Inflorescence, or a flower-cluster, may be of the racemose or the 
cymose type. The following are the im|>ortanl forms. 

L Racemose or indefinite inflorescence. Main uxifl growing 
at top, not terminating in a flower. 

A, Simple, or lateral axes unbranobetl.— 

a. Main axis elongated, inflorescence conical.— 

Flowers stalked, as in Mustard ... 1. UAOKME. 

Flowers sessile, as in Om%s ... 2. SPIKE. 

A fleshy succulent spike, (Aroids) ... .3. SPADIX. 

A deciduous scaly spike, (Betel) ... 4. CATKIN, 
h. Main axis short, inflorescence flat-topped.— 

A flat raceme, as in Cauli-flower ... 5. OCBYMB. 

Flower-stalks radiating from tip of rachis, 
as in Coriandrum, Onion 0, UMBEL, 

c. Main axis flattened, roond, or hollow, 
flowers sessile.— 

Form rounded like a ball, as In Babla 7, HEAD. 

Form flat or concave, as In Sunflower ... 8, CAPITULUM. 
B* Compound, or with lateral axes branched. 

Matn axis bearing racemes laterally ... 9. PANICLE. 

Main axis bearing lUdiating umbellu^es, 
as in Carrot ... ... ... 10. COMPOUND 

UMBEL. 

Main axis bearing spikes laterally 
(Grasses) ... ... u. COMPOUND ' 

SPIKR. 

, If. CynMMSw or defioite inflortscmicc. Ma^n axis not growing at* 
top, terminating in a flower, 
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lateral axes more than two 


1. 

poltoha- 

BIUM. 

A condensed polyoha^al cyme 

*«• 

2. 

FASOIOI.E. 

A roulided fasdole 


8. 

aiiOKBHCLlS. 

Lateral axes only two, as in Jasmines 

A pair of condensed dichaslas in 

• »« 

the 

4. 

DICHA81VU. 

axil oi two opposite leaves 

... 

s. 

VBBTICIL. 

LA8TES. 


C. Lateral tsis only one on one side, main 

axis forming a nrmpodinm ... ... 6, MONO- 

CHABIUli. 

The branches arise all on one side, so 
that the sympodinm is coiled ... 7. HBLICOID. 

CY«IB, 


The branches arise alternately on 
both sides of the ^mpodia) axis ... 8. HCORPIOID ^ 

CYMK. 


QUESTIONS. 

1 . What am bracts ! Where are jthey found I What is their function ? 

2. Explain : scape, peduncle, rachis, pedicel, involucre, spatbe, 
palcie. Give examples. 

3. Give the distinguishing characters of a raceme, a spike, a spadix, 
aiul an umbel. !Name plants which furnish examples of each of those. 

4. What is an inhoi'escence ? iName the principal types of intiores- 
cenco, illustiating your answer with sketches taken from common 
Indian plants. 

6. Briefly describe, with examples, the following forms of inflorcs- 
cenoe, and point out how one may be derived from the other : capi- 
tulum, corymb, catkin, umbel, panicle, diebasium. 

6. Distinguish between the common forms of cymes, illuslrating 
your answer with sketches. 

7. Examine and describe the inflorescences of Sunflower, Cock's 
comb. Mustard, Kadamba, Kachoo, Palms, Teak, Carrot, Babla, Onion, 
Jasmines, Bangun, Crotons, Banana, and Betel plant. 

8. Distinguibh between centrifugal and centripetal infloresoenoe. 
Why arc they so called ? Give examples. 

9. How urould you distingaish <a) a helicoid from a scorpioid 
cyme, (b) a raceme from a heliooid cyme, (o) a head from k glomerule, 
(d) a corymb from an umbel J What is a mixed infloreseenoe 7 

10. What is a sympt^ial cyme and how^ would you distingaish it 
from k typical monopodia! cyme 7 Illustrate your answer with exam* 
pies and sketches. 



CHAPTER VM. 

THE FLOWER. 


If we examine the flower of Lotus (fig. 1 56), we observe 
that the bud is covered on the outside by four green leaves 
which spread out gradually with the opening of the flower 
into four small boat'sbaped bodies. These are termed the 



Fig, 165 Flower of Lotas cut lODgitudnially, 
sepals (rs). Standing immediately above are numerouE rod 
(or white) leaves which constitute the most attractive 
feature of the flower. These are the petals (p). 
whorl of sepals is termed the calyx, the collection pj^pjgja 
(he corpUa. If we cut the flpwer vertically into two equal 
hilves, we see that the peduncle is prolonged into it as a 
short stalk {th) from which the petals and sepals arise. 
This floral stem is termed the thalainus. Above the petals 
the thalamus bears a large number of short tbreaddike 
bodies, termed atamens ( 5 /), each tipped with a largo 
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yellow portion, termed the a ^«llv opened 
ffow^r ^We are covered with yellow dost-Hke 

grains which readily stick to the finger when touched. 
These a re the pollen-graiim (pbula^renu, puspa-parag). 
Above the stamens tbetSj^mus is enlarged into a large 
top^shaped body (/), the fiat top of which has several pits 
or chambers, each containing a small secddike body (ov), 
or carpel. 

Fig. 167. Fig. IBS, 



removed. Fig. 167, the spires of 
stamens : at the top the carpels ; Fig. 
168, vertical section of same. 

Fig. 156 shows diagramniatically tho structure of a 
typical Dicot flower. The thalamus is greatly elongated 
to show the four tiers of floral leaves ; the internodes 
between tho whorls, as shown in the figure, are rarely 
found iu a real flower. The first whorl cl is the calyx 
consisting of five sepals, the second co is the corolla consist- 
ing of five petals, the third an is the whorl of stamens called 
the andraccium, and the fourth ca i.« the whorl of carpels 
which is called the gynoecium. 
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The flowet* of the Ghampaka (MioMia champatu) shows 
the stamens and ^I'pds better (figs, 167, 168), The 
thalamus here is mdhgated* and the floral organs are 
aiTanged spirally on it. There are no green sepals, hut 
a large number of yellow petals which become smaller and 
smaller the higher they are on the thalamus. The stamens 
also are in spires, and so too the numerous carpels. Each 
carpel (see fig. 1 60 E) has a swollen basal portion, called 
the oyary, a short stalk above it, called the style, ending 
in a glistening tip, called the ati^a. The ovary is a 
chamber within which are formed the ovules, or the 


The carpel is better 
seen in the Pea or the 
Bean flower. In Lotus 
the carpels are sunk in 
the thalamus, are very 
small, so that the ovary 
only is apparent. This is 
not, however, the case 
genoraJiy. The carpels are, 
as a rule, placed at the top 
of the thiJannxs. In Pea 
or Bean, there is only one carpel, not seyei^l as in the last 
two cases. This can bo observed, after first removing the 
calyx, the corolla, and the stamens, as a 'small, groenieb, 
elongated body, seated at the middle of a flat thalamus. 
The lower part is inflated into a chamber (ovary), 
slender portion is the style, and at its tip is the stigma. 
The bvaiy may be spSit open and the ovules may then be 
brought to view. When the ovary matures, it forms the 
welpknown Pea-fniit (see fig, 67. L), the ovules in the 
meantime having developed into seed. 


rudiments of the seed. 



Fig. 169. P'Jower of Rose cut 
longitudinally. 
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The fealanms U eloBgattnL goniari , or to^hajg^ 

Loti M and ^ he Ohampak^ flat in it m 

hollow and howi-«faaped it.(T. fig. lB9^f The Mrp ala (C) are 
oonoeSeiSl^^.tlliBi whfle t|a rim or the. margin of 

the opSmhg ariae the sepalsf pe^s ai^ atamens (S). 

T|i a typical fiower, then, w e have foo r;8ete of organa, m„ 
t;^e jiepal%3Ri3®l»JaL -thfL atam etia, and the oar pela. The 
Empale protect the young ilower>bud, the petalT attract 
insOTts whSiTWe’liower ia opened, insecta coma and take 
away the polkn^grains from the anthers and deposit them 
on the stigma. The s tomens are regard^ as the inale 
organs of a flower, thh carpels the female. The male e pjw 
stance is contained in the pollen-grains, the fem^e elemmt 
insTde Ifc’laiMliir' Wheh ~^^^ i^e ii falls on the stigma, 
tw^ (male and female) 4emonfe8 and the result is that 

thij 'ovules are fertili8(5d..^ In consequence they m_atyire.ijjto 

\ 





A B C D E E 

Fig. 160. a typical Dioot flower with one whorl of stamens. B, 
floral diagram of same. C, a petal . D, a stamen with the anther at 
the top shedding pollen-grains. a carpel, the lower swollen part is 
the ovary inside which are the ovules ; at the top of the ovary Is the 
style and the round tip is the stigma, F, the ovary cut cross-wise to 
show the cavity. 

aoit the ovary matures into the fruit. The following 
Sb)b givee a sumiiwry.--- 

K TMcmms^tbe axis or stem of the fiower, bearing 
1 thtfipralkims:— 

W ^istJC^I^^conBi^ting ot green me ring leaves, or se|ials ; 
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(b) t fag consisting of ooloared leaves, or petals; 

consisting of the stamens ; each stamen has 

i. a. stalk, called at the top of which is 

ii« a chamber, called anthtrj_ containing pol en-grains ; 

(d) t he gynafcium^ consisting of carpels ; it has 

i. an ovaryt a swollen chamber at the basci 

ii. a stylti and 

iii. a sdgma. 

The stamens and carpels, the male and female organs, aie also called 
the esseSfaT organs of a flower, for the mam function of a flower 
is to prbclttce' seeds and this is not possible unless the two elements 
unite. The 8opafB''and petals may be entirely absent, as in the minute 
flowers of the ICachoo (flg. 139, f. f], and so are regarded as non-essen- 

The fl ower 11 ajn o dified shoot. — The flower is a special kind of shoot. 
Its stenTor axis is the thalamus which is generally not elongateil, for the 
internodes are undeveloped. The floral members, sepals, petals, stamens 
and carpels, are special kinds of leaves, the last two greatly modi fled 
to produce certain bodies called sporas^ and hence they are also calleil 
sporophylls or spore-leaves. The sepals and petals are much less 
modifled, and are known as anthapfyUSf or flower-leaves. The 
pollen-grains are the spores of the staminal leaf, and inside the ovule of 
the carpel-leaf is formed another kind of spore. A flower bud, like a 
foliage bud, often arises in the axil of a special leaf called bract. Thus 
the modifled shoot, the flower, 

(A) arises in the axil of bract leaves or f^psophylls, and 

(B) consists of — 

1. an uodeveloped stem, called ihalamus, and 

2. floral leaves^ of which 

i, the outer protective (calyx), and attractive (corolla) 
leaves are called anthophylls^ and 

ii. the spore-leaves, or the stamens and carpels, are sporo- 
phylls. The above view' of tbe morphological charactei- of the flower 
is supported by the following facts : — 

1. A flower bud, like & foliage bud, often arises in the axil of a leaf 
(bract). 

2. Like foliage leaves, the floral leaves also open grarlnally from 
below upwards, or from the outside i acropetally ; sepals open before 
petals, petals before stamens, and so on. 

3. The floaal leaves, especially sepals and petals, are arranged on the 



THE FLOWER IS A MODIFIED SHOOT 

thaltttnas macb in the isame plan as leaves are arranged on the stem 
(pbyllofcaxis). In some flowers, as in the Cbampaka (Hg, 157), the 
floral leaves are in spires on the thalamus, f the arrangement is 
spiral, in others they are in whorls, the whorls regularly alter- 



Fig, ICl, Staminal leaves of Water-lily, Fig. 1(52, 
A, a petal ; 15— G, stamens. 


A proliferous 
Pear. 


nate ; that is, petals stand in the intervals of sepals, stamens in the 
intervals of petals, and so on. Such alternation is also foami in the 
case of foliage leaves (see p. 74). 

4. In some flowers, a s in the some of the stamens are 

Hat and leaf-like, or rather, like petals. The outermost stamens (fig. 
161 B) look hke petals, gradually the inner ones (0— Q) become 
smaller and smaller ending finally with the typical slender filament and 
large anther. The sepals and petals also exhibit a similar transition. 
The outer sepals are quite green, those inside are partly coloured, and 
then come the coloured petals. The inner petals become smaller and 
smaller and then para into the stamens. This shows that they are all 
modifieil leaves. 

6. In many cultivateil flowers, the stamens and carpels are trans« 
formed into petal- like leaves. This is seen in what are called double 
fimers e^g.^ double Hose, double Jasmine, doable Java, double 
Sthalpadma (the changeable 'B.oss-- Hibiscus double Pink, 

etc tn cultivation gardeners try to pvociuoe by artifloial means large 
flowers ♦With more numerouSr petals than in the natural flower* This 
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bHow 8 th^t certain oiroaiSBianoeB the BtameiiB may I'evert to tiieir 
fundamental oharaoter, , leaTce. 

6. Sometimes pwWc0bn$^ or abnormal ^povrthB, oocor In a 
4ower. For inditaiioe, in some cnltivated Datnra we observe several 
corollas telescoped into a flower. This can be ezp1ain<!i<l by supposing that 
floral leaves, like foliage leaves, are capable of producing axillary buds 
which may develop into flowers. Similarly a frnit inBide a frnit has 
been seen in the Papaya, patol iTnchosanth§s <Haeca)^ and other 
planti». Fig. 162 . shows a shoot at the top of a frnit, formed by the 
proliferous elongation of the thalamus. 

Monocot and Dicot flowers differ mainly in the number 
of floral leaves in each whorl. A TYPiOAt Monc^ot^Jipjfjpr 
has a whorl of three sepals, a"7vTil5rl bT &ee petals, two 
whorls each of three stamens, and a whorl of three carpels. 
There are five whorls each of three membei's, and so the 
flower is called TBTMKROUS PEN TACYCLIC. Such a typical 
flower is however rarely met with, for the sepals and petals 
often unite to form a single whorl, and the andraecium also 
forms a single whorl of six stamens. This may be observed 
in the flowers of Onion, Crinum (Sookhadarshan), Lily, 
Gladiolous, etc. A typical Dicot flower has, oti the contrary, 
flve members in each whorl ; 1.0 , there are flve sepals, five 
petals, two whorl each of five stamens, and a wboi'l of five 
carpels. A typical Dicot flowe xJbfinjl^ Jt. 

PENTAOY CUC , as shown in diagram (fig. 164). Such a typical 
flower is however rare, but may be seen in the garden shrub 
Quassia amara, A commoner instance is the flower of 
bBYOPHYLliUM (Pathurkuchi) but the number in each whorl 
here is not five but four, the flower being thus tbtrakerous 
PBNTACYCLIC. In man y Dicot flowers the number of the 
floral napmbers is very large, Being as a rule multiples of 
five, as in Bose, Lotus, Water-Lxf^ iCKain^^ 

they have two whorls of stamen^ the outer staudiug before 
^^'Uepals and alternating with the petals, and the inner standing before 
^Ihe petals (flg. 16B). In some cases this alternation is jdm in the 
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merse and the flower is (fig. Ifil). Lat 

typical flowers >he whorls of floral leayes re^arly oftirMs : .petals 
stand in the interyals of sepals, the outer stamens in the intervals ^ 
the p^ls, and BO on. Flowers in which there is only one whorl ot 
stamens (generally 5 in Ihoots, fl in Honocpts) are termed Jsjplio* 
stmnmuA 

Flerat diagrams.— Q^tind-plans showing the relative arrangonent 
of the parts of a flower are known as floral diagrams They ape very 
ui^al in the study of the flower, for they show in one view the relative 
position, number, etc., of the floral members. Fig. are floral 

diagtams. The outermost circle is that for the sepals, neat is for the 
petals, and so on. A fhrat farmda gives a short rapmion for the 
numbers in a whorl. Denoting the oaiyx by 0, the corolla by P, 
the andrmcinm by St, and the gynoeetum by Gl, the number df 
members is phm^d after the letters. Thus the floral formula of a 
typical M<)nocot ilowei' is 0. Sia + s 0* ; that of atypical Dicot 
is 0, P, St,+, ^0^^ 

FigTlfla, Fig. 164 . Fig. 166 . 



Floral diagrams of a pentamerous Floral diagram of a trimerous 
pentacyolic Dfcot flower, pentacycTic Monooot flower. 

Cyclic and acyclic flowew.— In some flowers, t.g. 
Water-lily, 'Lotos, Champaka, etc., the floral leaves are 
awanged fi n an elongated thalamus. Such flowers 

are termed aovcLic, as distinfi fnish e d fom OYOUO flowe rs, 
is., those* inV¥iob"*tiTfloral leaves are arranged in wao&LB 
or oirclOT. Cy^ic Jo vrers art far mdre jwaajBaQ n , an d h ave a 
les^r .nnmber of floral leave s than in acyclic flpwar s. 
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Regular and irregular flowers^— Tlie naembaig of a 
whorl are usually plafeod symmetrically round the thsds^us^ 
and this gives rise to the symmetrioal appearance most flow- 
ers liave. A regular or symmetrical flower is taclmically 
doBc7iSed as’^AOTiNO^^^ into similar 

ari<r equal halves by any plane passing longitudinally through 
the cftijtre of the flower : Lotus, Bose, Java, Poppy are 
examples. Flowers in which the sepals and petals, especially 
the latter, are not all alike in size and shape, are called 
irregular— as in Pea, Bean, Banana, Balsam. Such flowers 
can, as a rule, be cut into two similar anfl equal halves, aloftg 
only ONE plane, and are termed zygomorphic flowers. Some 
flowers are however so inegular that they cannot be cut 
along ANY plane into two similar and equal halves ; they 
have no plane of symmetry, and hence are called asym- 
metrical, tf.g. Caima. 

Complete and incomplete flowers.— In most flowers 
the calyx, the corolla, the stamens, and the carpels are 
present. Such flowers are said to be complete or PERFECT* 
But in nlai^^caseV pnje" or more of those organs maybe 
aWnt, and the flower is incomplete or imperfect— 
in Cucumber, Papaya, Clourd, etc. Sometimes doubling 
brings about the inoomploto stage, in the large Boses 
and double Java, whore all, or almost all, the stamens and 
carpels are converted into petals. When ly^h the essential 
organs are absent the flower is termed neuter. In the 
iTachlob family llie flowers (fig. 139. f) have no calyx, 

nor a corolla, they are naked. 

Bisexual and unisexual flowers. — In a bisexual or 
hermaphrodite flower stamens and carpels are botl^ pre- 
sent ; in a unisbiojI^ flower, one of these is 

suppressed. An unisexual flower is male or staminate 
wfien only the stamens a^^^ present; female or pistillate 
only the carpels are present Unisexi^I Jkj ncsrs 



ISOMEROtTS FLOWERS * 101 

may be seen in the Cuoumber, Pumpk Pagajari 

"nfwmeroue and aniaomerous flowers^— Some flowers 
bare equal number of members in the four whorls> ns., 
calyxi corolla, andrmcium, and gynoecium. Such flowers are 
termed isOMRHOUfi (iso «« same, equal). More oommonly, 
bowaveK ^supi^^^ or multiplication takes place in the 
floial whorls, giving rise to an inequality in number, ^ps , ' 
in the Java there are 5 sepals, 5 petals, 6 carpels, but 
numerous stamens ; in the Mustard there are 4 sepals, 4 
petals, but 6 stamens, ar d 2 carpels ; in the Jasmines there 
are 5 sepals, 6 or more petals, but only 2 stamens and 2 * 
caipcls. Such flowers which are by far the most common 
are termed ANISOMEROUS. 


QUESTIONS. 

1. Dcbciibc tlic pailB of a flower and the functions they perP rm. 
Wlial arc the CKfcnlial organg and ^hy arp they so callecJ ? 

2. Dihtinguish bct\>rfn a typical Dicol flower and a typical Mono- 
cot flower. 

3. What arc the ronfons for bolding that a flower is a modi- 
fied shoot ? 

4. Explain with exaraplos, and diagrams where possible : acyclic, 
zygoniojphic, ihonicroos, oniscxual, incomplete, cyclic, asymmetrical, 
piaminate, pistillate, actinomorpbic, and double floviers, 

6. Examine the following flowers, dcBcribe their parts, and draw 
floral diagiams ; Rote, Lotus, Water-lily, ( hampnka. Magnolia, floppy. 



CHAPTER Via. 

PARTS OF A FLOWER ^ 

l%e is the axis of on it He ttie 

flori^ jOTj^ans. It is sometimes also called the TOEVS or the 
ESCEPTACtE. It may bo elongate or opoicali as in Chan^* 
paka J[fg. 168) ; flat or^isc-ahaped, as in Orange ; conestye 
or hollow, as in the Rose TFig. 169), Its fom determines 
the inseitloiTof the floral members. Thus when it is elonga- 
te^ (Ghampaka), or bat slightly convex or conical (Mustard), 
the floral whorls are, arranged in order one above the other, 
the sepals forming the lowest and the carpels the topmost 
wkorl, as showi) ip the diagram (fig. 166). Such a flower 
is terro^ hypooynous. If, however, the thalamus is flat, 
<^n^^ye;_ or cup-'shaped, the gyncecium comes to lie in the 
centre, while the stamens^are'at the rim (fi^g8.^l67, 168), the 
flower is terincd!pERiGYNC 5 J.p^ the* Bose (fig. 169). When 



Fig. 156, Hypogynoua Figs. 167, 168, Perigynous. Fig. 169, Epigynous. 

TUe thalamus (t) is cbxiioal in fig, 166, cup-sliaped in fig. 167, deep 
and ,ai'n-8haped in fig. 168, and hollow and oioblhI at the mouth In 
fig. 1 69 ; 0 , the ovary with style and stigma is superior in the first 
three, inferior in the last , s, sepals j p, petals. 

the concave^ floral axis becomes adheretit to gyncecium, 
os shown in the diagram (fig. 169), so that the other floral 
leaves appear inseilied on the top of the ovaiy jthe flower 
is j ^lQYIIpus. — g.j7. Guava, Jamlbolan. lu the last case the 
ovary is s^id to be inferior j in tl|e other two it is wperior. 



THE PERIANTH lOS 

In a tiypo^iu>tt8 flower tiie thalwniu » Bometioito 
detreloiied M a long lifting one whori of floral memolwn 
above atiotben ' Thru, in the Lotoe the tbalamns is large, 
fleshy, and top'shaped at ^the end and has a number bf 
earpels separately imbeddeil in it 5 

the 0Yi9pPHjgi^^ III orange the thfidazni^ fornui a email 

disc or cuehion on which lies the ovary ; this ie termed the 

GTNOHASfi* The elongated etolk interpoeed between the 

Btamens and the corolla, as in G'^ardropm p^ntttphpUM (Sada 

Hurburia), is sometimes termed the akdrophors^ while 

the stalk lilting the . corolla above the calyx, as in Pink, is^ 

the AKTHOPHORB. In some flowers, as in the Opnandn^psk 

and the Eanakchampa (Ptermpermum acerifcHumX the ovary 

is borne on a long stalk, and is hence deacribed as stipitatb. 

«» 

The perianth is the term applied to the outer envelop* 
ing leaves (anthophylls, p. 96) of a flower. In the great 
maiority of flowers it consist of two series, the calyx and 
the corolla. But in many Monocots, as in Raianigandhay 
Onion, Cnnum, Lily, Canna, Banana, etc., the calyx and 
the corolla cannot be distinguished, all sepals and petals 
being alike and forming a single series. To this the term 
perianth is applied. The leaves of a perianth is polyphyl* 
LOUS (poly—many, free, p%lfomfc===leaf) ; when united, it is 
GAMOPHVLLOUS fonmo=united). In Carina, Ginger, Onion, 
the perianth is polyphyllous ; in Bajanigandha, Crinum, 
Banana, it is gamopbyllous. In some Dioots the corolla is 
absent and the calyx alone forms the pprianih. Thus in the 
Four o'clock plant (Krishnakali) the calyx formi a coloured 
gamophyllous perianth which looks like a oorolla. In the 
CockVcomb (Morugphul) the perianth o^j^naiats only of flve,"^ 
dryy coloured scale-like sepals. The term PBRIOonb is 
sometimes applied to a eoloured corolla-like calyx. 

A typical flower In which both the calyx and the ooroUa axe 
is drecribed as dlchlamydeous (dlaetwo^ chlamydoitRteoat). A 
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flower with onljr one eeries of perianth leaires, genmUy the oaljx» ae 
in Ckwha'-coo^b, Foar-Q*olooh plant, Natyaehag (AmarantaB), «tC| ia 
called manochtamydeoas < mono =£ one). Flowers in which the perianth 
is entirely absent, so that only stamens or pistils constitute the flower, 
are desorlbed as naked or achlamyd^ons (a a not). For instance, the 
upper flowers (f) of the spadix of Kaohoo (flg. 1S9) consist merely of 
stamenia, and the lower flowers of only a single overy. Such naked 
flowers are also found in other plants of the Kachoo family, in the 
Betel plant, etc. 

The 6a]yx, the outermost whorl of floral leaves, serves 
raaiuly to protect the flower while it is in bud. Its leaves, 
termed sepals, are, as a rule, sessile, and may be either united 
or free. In the former case the calyx is Ccdled oamosspalous ; 
in the latter it is polysbpalous. The number of sepals in the 
calyx varies : two in the Poppy (disepalojus), three in the 

Custard'apple and in Monocots generally (trisepalous), four in 
the Mustard and Lotus (tetrasepalous), and five generally in 
Dicots. It usually falls away or shrivels up after the ovary 
is fertilised by the’ pollen but in many cases it peraists 
and forms part of the fruit. A persistent calyx may 
simply form a thin bladderdike covering of the fruit, as 



Fig. 1 70. Irregular flower of the capitulum. co, cQroHa ; CA, caIotl 
G arden Nasturtium, c, the calyx ST, stamens with (^ngenemS 
with spar anthers ; ov, the fnfer^r ovary. 


llORMS OP CALYX, iM 

in tiia or the Oap 0 -g® 0 «el>srry (Tep^ri), when tt k 

nallo4 ::AOOk«siqeKTt or may^fom the thick #id fleshy 
portion of the Irniti as in Dxllwia. (Ohld^)». when it k 
oalted flCAm^^BNt. A simple persistent oalyx is seen in 
the and in the Datura f mik On^tnatily the calyx is 

DBOll>t;ot?s like the ooroltai but in Poppy it falls off as soon 
as the flower-bud opens, and then it is termed OADXJODua 
Forma of calyx. — A oslsrx may be either regular or 
irregular. A regular a tube, 

q amfanulatb ^or b^ll-shaped. An irregular calyx may be 
BiLABT^B (two lipped), SpgBRBD (fig. 170) Or provided 
with a long pouch or beak-like process (Balsams); OALBAtX 
or hooded and arching, (Aconite). In some eapitula the 
flowers have a dissected calyx, there being a tuft of long 
hair-like segments on the top of the ovary (A, figs. 176, 178). 
These are best seen in old eapitula where the flowers 
have withered and small fruits are formed. The whorl of 
hairy segments representing the calyx is termed the pappus, 
the calyx itself being termed pappose. 

Fig. 172. 

Pig. 172. PapiHona- 
ceoBfl flower ; to the right 
the floral cliamm. A, 
the vexiHiim ; 0, the al» 
or wings. 

Pig^, 17S. Cruciform 
flower ; to t]^ right the 
fli^l diagram. A, the 
saroHa ot four petals 
arranged in the form of 
a cross ; O, the calyx. 


Pig 173, ^ 

Sepals are, as a rule, sessile and 6xstfpulate> but in the 
Bose family the stipules of the sepale form a whorl b^w 
calyx^ This is called the Bpi 0ALTX« In the'Jaya 

' - n«) ■ ' 
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and Cei^n family therd is a ^^horl of green brac^iS just 
below the this is also called the eoicaljx* 

The corolla, consisting of the petals, is the most attraotire 
arid delicate part of the flower. It is, as a rule, oast off 
immediately after f ertiliz ition. It may b e fjOLYEfttiUjOt^s, 
with petals free or ^ aaMpPMAj^^QUai with petals united. It 
is regular or irregular, apoording as the petals are all jlike in 
form and siae or not* It exhibits a great variety in shape and 
form, all of which are devices for inviting different insects 
to the flower. Sometimes its bright colour alone serves 
the purpose, sometimes a sweet scent is emitted, and often 
sweet liquid or honey is secreted at its bottom. In some 
flowers a special sac (fig. 170,s* fig. 176,0,) called i^eotary, 
is formed for collecting the honey or nectar which is an 
additional attraction to the ins^t. The object of the insect* 
visit is to carry the pollen from one flower and deposit it on 
(ho stigma of another flower. This is called POLT.TNATION. 
The main fnnctioti of the corolla is to bring about jioHination. 

Petals are, as a rule, sessile, but in some eases they are 
stalked. This may be seen in the flowers of the Jarul tree 
Fig. 174. Fig. 175. Fig, 176. Fig. 177. Fig. 17S. Fig. 179. 



Fig. 174. Bilabiate corolla with lips B, B ; A, the calyx. 

Fig, 176. PerAonate corolla— thi'oat closed ; 0, spur j A the calyx : 
Fig. 176. Ligttlate corolla— A, the pappose calyx. 

Fig. 177. Oampaimlate corolla C ; A, the calyx. 

F4g. |78. Bisc- floret' of a capitttlom ; B, the tabular corolla ; A, the 
mppciS. Fig. 179. Urceolate cwjrolla B ; A, the calyx. 
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, ' , id 

Ftost^mx), ’ ^ . H«iu» XM«n& 3 r*>r 
’^itt/imia limtrmis), the Fink, etc. ^’The stiil]^ iji , oii}]ed 
vsouis, and stalked petal i» called tutmuavLAXE, 
intke Fauioir^irer ^e eondU.bean aeirole ibf kaii 7 oat- 
gre«4l» from its soifsoe irhieh renders it highly attiae^ve. 
Such an outgroarth is called a COBONA, 

Penal el | |^ystal«>ys^^^c<^Ua— 

x:'"bhigu£ab.- ■ 

1. Cnulkm or ^ S coiotlaotf 9 ar;^ta |8 wiiaaebort etslli 

and limbs ^spreading in the form of a cross* Kx. Masta^d, Kadisb. 
Jig. 178. 

2. /ag SflOiWtf : _ a corolla with five roundiBb and spreading petals, 

as in the Rote, , ^ > 

C0yo^t^ifC0O^^ • ^ corolla with five long-stalM petals w;!iich 
spread out their lobes abo«e and are enclosed below within a calyx tube. 
Ex. pink. ^ 

4. JJ^iaceojsi • a perianth of 'six leaves so formed as to look lik^ a 
narrow funnel. Ex. Lily. 

II. IRREGULAR.— 

6. P<^fmqcf<mf ’ ft is the iicculiar bulterOy-Hke corolla of the 
^ Tea family. It consists of five petals : one large, termed the vcxillum 
or standard ffig. 172 A), which oveiarcbes two lateral petals, which 
in turn paitly overlap two lower petals fosetl to form a small boat- 
shaped structu it. This latter is called the ke$t or carim^ and encloses 
the stamens and the carpel ; the two liUcraJ. petals (C) are known as 
the olcc or unrigs, 

P F oniyt of Gam o ^etaloui coyoUa.-- 
I. REGULAR.— 

1. TMUnr \ a tubc-like corolla. Kx. Bangunffig. 160^ 

2. R^JiST i\ corolla without any tube but spreading wddeJy from 
the verfliasc. Ex. Brinjal, Potato. 

3. Camg( 3 irmlqi£ ov bcll-sbaped*: a corolla rounded at the base and 
gradually expanding so as to look like a bell (fig, 177). 

4. Infund^^rW- 9^ funnel-shaped, as m«Datuia, Tobaceb. 

6. salver-shaped : a oorolla with a long narrow 

tube and five lobes spread out like a saucer. Ex^. Vfnea (Nayantaia), 
the Jasmiass. 

6. a borolla swollen at the middls, narrow at the base, 

and contract e<i at the mouth, as in Va 0 ^li}H i^g, 17fi). 


m ^ELEMENTAfiY iK)1»Nr 

' IL 

U £Si!& oi *• a ooroUa tubular aad narrow at the 

ba^ anct^lM oat quite IBat at the top. The tube 'appears to split 
opepi at ohe si^e and Fpreads oat a long tohgae. It looks like a 
petal bat there arc notches at the tip of the flat limb indicating the 
gamopetaloas charaoter. Bx. the ray -florets of Sunflbwers, Zinpia, etc. 
Pig. 176. 

2. /.oMge or biidbiat$- an irregular corolla, with two lips. Ex. 
Yoolsy (TSe Basil) ; Bakash {AtBtatoia tiasicah The upper and lower 
lips are notcbedf indicating th$ nnmber of petals they are made up of. 
Fig. 174. 

3. Rm^ 0 ti : a bilabiate corolla with two gaping lips. 

4. fkrscngt 0 : a bilabiate corolla with the throat or opening closed 
by a piojcctioil of the lower lip. Ex, Antinhinmn^ Torenia. Fig 175. 




t’lg. 1450. Epigynoos Itow^er o| Baugun Fig 131. Flower of Datura 
ifxora% cut ^eiticBJly ; the ovary inferior, cut vertically, showing 
the tubular coioDa superior, the plaited corolla, 

Aentivation* or th® inarmer in which tJio floral leaves 
(sepals and petals) are relatively arrayed iir ihe bud, is 
called , w 
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1 • jihe margina ^ i i«A . or 

atar dy t <wh i^nd tlo nol ovarlftp> as id'tlie calyx b|,,€^c^n aa4 
'^W. I^'petric of Al|»f)da <tb« MadarT-C'alefraipis 

S. iMBBlCA rB, when ;^e i^^iw bter]|a|>« jf ia;|b« 
bf Bos#.' Tbe'teiiai ia looady viai^ Ibr aii^^aort ^ ovarlappii^. 
""X” QpKVOLPTB Of TWISTBD, wlMan egcfet^ 

or petallTbvbrli^libl bo one aide and itaelf overlaps ano&or 
by toe other side, 30 th^ |he whorl ,(oalyic or oorolla) eeems 
twined, iix. the petals of Java, 9otton« 

4. Plaitbd,jw 1^^^ petetor (of e 

petalous corolla) is folded along the median,* like 

jrpper.* This may be seen % 
Datura (fig. 181), Mormng^lorSr 
and Jptmmas, where the plaited 
ooroUa'-lobes are convoluted, so 
that the corolla is twisted. The 
aestivation is hence called 
PLAITED CONVOLUTE. 

5. VBXlL L AflY, in papilionaceous 
flowers, as shown in fig 182. The 
large btandaed or vexillum 
almost covers the other petals ; 
the WINGS overlap orjsompletcly 
cover the small heel or karina. 

QUESTIONS. 

1. DcBcilbc with iiiagiams the structure ot a bypogynous, a pcrigy- 
nous, an<l an epigynous flower. Give examples. 

2 . Wbat^,^rc the following and where do you And tliepi ? anotho- 
phore, gynobase, perigone, pappus, epicalyx, corona, androphore, nectary, 

3. What is the function of the calyx? Give examples of cases 
where the calyx persists and forms a part of the fruit, 

4. Examine the following flowers, and describe theii’ calyx and 
corolla with reference to (A) form (b) insertion, ,(c) wstivation 
Balsam, Bose, Sunflower, Pea, Potato, Datura, jasmine, Water-lily, 
Poppy, mustard, pucumb^, 

5. Name th^ v<),);ioa8 forms of gamopetalous oomlla. , examples. 

6. Describe the vanoua ways in wbicb floral disposed in 

the bud. > ^ V . 




CHAPTER IX 

THE ESSENTIAL ORGANS, 

When the stamens and the carpels are l>oth preset^ the 
flawar is bi$emah hmnaphrodite or monodintms* When either 
is abteitt the flower is unisemual or didincu$. If staminate 
and pistillate flowers are borne on the same indiridual 
pwatitiB wcntxeious (mow^one, eeAn5«=house^ in the same 
hoUM or plant), Cucumber, Gourd, Melon, etc. If they 
are on different individuals, so that one plant bears only 
the male (staminate) flowers and another only the female 
(pistillate), the plant is diachus (dt»two), Papaw, 
ToMy'palm (Tal), Patol ( Trichosanfhes dtoka^. Flowers are 
said to be polygamous when male, female, and hermaphrodite 
flowers are all borne on the same plant s.p», Mango. 

The andreecium, or the whorl of stamensr stands 
below, arpund, or above the ovary according as the flower 
is hypogynous, perigynous or epigynous (see p. 105). The 
term is derived from Gr. andria = man, the stamens being 
the mate organs of a flower. A flower is monandrou$, 
when . it has only one stamen (Caiina), diandrousj when 
two (Jasmines), triandrous, when three (Wheat), toirandrousy 
when four (Eangun), peutandrouSy when five (Brinjal), 
he%androu$i when six (Rice), heptandvou^y when seven (Asoka 
— Saraca ifdi&a) octmdrousy when eight (Henna— Lwjowia- 
innermis)s ennemdrous when nine (Tejpata— laurufi malabari’ 
cum)» decandrous when ten (Neem), , do^eeandrous when 
twelve (Dhau— JVoodfordia jlorihunda)y and polyandrous when 
it has ihumeroua stamens (Hose). 

When the number of stamens is equal to or some 
multiple of the number of petals, the flower is isostomonous ; 
when the ntiinber is different, usually less than the petals, 
as in irregillar ^gimopetalous floweiw, it is anisos tomo nous. 



Fig8« 183, 184. Moa^elphoas Btamena, Fig^ 185. BM^lphoOi 
Htamens of Pea. Fig. 186. Syagenesioos anthets of five atatneaa. Fig. 
187. same of three stamens. Fig. 188. A single sinnoiis antlser of Oonrd. 
Fig. 189. Cross section of the syngenesiotts stamens of Gonrd . 

«k *■ 

or some of the stamens are sterikt ue*, they haire no anthers; 
consequently they have no male functiohr^ ggoF aj^rile 
stamens are called sHMinodes, Stamens are described 

1. Didyhamous : when there are four siameidte in 
two pairs, one pair shorter than the other (fig, 204) 
— e,g.t Toolsy, Til (6esamum)^ 

2. Tbtbadynamous : when there are six stamens 
of which four are long and the other two short, as shown 
in fig. 205— Mustard, Radish. 

3. Monadklphocs : when the filaments cohere to 
form a single bundle or tube (round the pistil when 
present), while the anthers are free, as shown in figs, 
183, 184, — Cotton, Java. 

4. ^ DiADgLPBOUS : when the filamei^ unite to form 
two distinot bundles, as in Pea, where of ten stamens 
nine form a single bundle, and the tenth is free (fig. 185), 
So we may have triaielphous, pmladelpkms^ (Silk ootton 
-^Simul) etOf, stamens. 

5. SYMaeKfBsioun : when "She anthers of a whorl of 
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•timjaaB reoliefie to form a tnhb («arroaadmg the arltea 
pramtiib^ irUla tbs filaments are free (figs, tfifi. I87i)-~«ip., 
9aBflovor> SStmia, Marigold, Ooitrd, eto« 

A QtnaKD&ovs : when the.^tttena are borne npoii 
the piatfl, as In Onfiiida. , 

Ttie filament k, as a hile, very elokler and thr«ad-lto. Bat in tome 
oases if is expatiiiied or '6lattei)ed» as in the Watet-lilics and Camia. l^n 
the hotter it is lllse a j^tal with a small yellow anther at on?a m^gin. 
Snob a stamen is dcsoribotl as PSTAXtOlD. 

The andier, oomoionly regarded as the blade of the 
stamioal ]eaf» may bo imagined to be formed by the 
Fig, ISO, Fig. 191. Figs, 19g, 19S, 194. 1415, 196, 



Fig. 190. A Btaminal leaf showing formation of anther a ; 6g. 1 91, 
the same showing the formation of a 4-cellcd authev, a; Fig. 192, innate ^ 
OffB. 193, 194, adnateor dorsiftxed ; fig. 195, versatile anther (a). Fig 
196, Unilocular anther (a) dehiscing transversely 

infolding of the margins of a leaf towards the midrib> as 
shown in fig. 190, a* In way we get the typical 
tvH) 0 eiUd anther ^ with the midrib as the oonneotivo. 
The chambers^ called pollen-saesi are in their eerly stages 
divided into two by a partition wall stretofahig from t3i6 
conneotlve to the other side* as shown in fig. 191. The 
youac anther is thus foiir*oelled« but as it ripens the 
partition walls break off and it becomes twoxelled. In 
CottpHi JaVAy and other plapts of the family the anther 
ds eneiceUed (fig. l^fe). A piecoliBr form of anther 
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is seen in the Cucumber fitmily where it is long^ sinuous^ 
folded and, oue-celled (figs. 188, 1^). Wheu mature 
the anther bufst» and discharges the polien^grains. 

The tnocics of debiscenco of the anther nre : — 

1. i&tg&udttaii /.a, the anther-mcs burst along vertical lines, 
Qsually two runniitg tl^ whole length from to^) to bottom. This is 
most comottoa. 

2. Trmswfrs 0 f /.s-, along a transverse line, as in the Cotton 
family (lig. lltSb 

3. I^ouSi I'a, through small openings or pOR's formeti uanaily 
at the top of the autbeis, as in Pptato, BrinjaJ, 

4. Valvutar, rs., through small valves which open out like 
windows in dry weather and tiap down and close th<‘ opening in moist 
weather, as in Gmnanion (Dalchmi) — tig. 206. 

The attachment of thj anther to the tilament is called. — (1) Odhofs 
or dorsffbeidt when tife tilaineut is attached to the back of the aliher 
so that it is immovable ; (2) innate or basHked^ when the aitther 
is at the top of the tilament so that the anther-lobes stand on two 
sides of the connective ; and (3) t/ersatile, when it is attached at 
only one point so as to swing freely from the tip of the tilameat. When 
the anther faces the centre of the flower, it is said to be intrvrse; 
wlien it* faces the petals, it is extrorse, 

Fig. 197. Fig. 198. Fig, 199. Fig. 200, Fig. 201. 



Different kinds of anthers and fllaments. 

Fig. 197. Anthers of Cacao. Fig. 198. Stamen of Aconite. 
Fig. 199. Antiier of Mirabilis (Krishnakali). Fig. 200. Branched 
stamen of Ridnus (castor oil) Fig. 201. Plat stamen of Onion 
iAlUum) with appendages. 

Pollen-grains are usually granular, and may be dry or 
sticky. They vary much in size, form and colour. Some 
are shown in figs. 202-3. In certain plants* o.g.» the Orchids 
and in plants of the Akanda (Catofroph gifftn^ea) family* 
all the gi^ins of an anther-sac are aggregated into a single 
mass called a polUnium. 
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A pollen grain has usually two ooatii : an outer pro^aeliire 
coat* called the esltnr, whicli has peculiar outgrowti^ suoli as 
spines* ridges* etc,» and an inner thin wall* called the falifie* 
When the pollen falls upon a suitable sti^a th% intine 
swells and comes out through the thinner parts of the eatiae 
as a tube, called the pollen-tube (fig. 215). The grains of the 
Cotton, Java* and Cucumber (fig. 202) are very large and mfiy 
be seen with advantage under a microscope. Pollen*graiii8 
are easily destroyed by moisture. This may be observed 
Under the microscope by placing a drop of water on dry 
pollen gathered from an old flower; soon the grains burst 
and dischavgo a Irothy matter. 

Fig. 202. Fig. 203. ' 



Pollen of Cucumber. Various forms of pollen-'grains. 


' The gyncecium or pistil may consist of one or more 
carpels. It may be monocarpeUary, dicarpeUary^ Mcarpellary, 
Mracarpettary, and sol^n, according as the number of carpels 
is one* two, three* four, and so forth ; it is polycurpellary, 
when there are many carpels. It may be either simple, when 
the carpels are separate and free* or compound, when the 
carpels are united together. In the first the gynoedum is 
apocarpous, in the second it is syncarpous. The essential parts 
pfagynoecium are the ovary and the stigma. The style 
is usualiy present, but it may be absent so that the stigma 
is eessik, as in Poppy, Ohalta Waterlily. 

^f|^el or the carpellary leaf roust be supposed to be 


lt« 

fOid^S m to tiiai ijid iii^» i» sltown 

malimlly in figi» ^€7» Sll. Thn olbsM clubber lio 
fom«d is the dvaty ; the prolongation of the tip of the 
is the atyle« and the apex doTelops the e^tigma• In a incmo- 
earpeBaiy gyncseium* as in the Pea family (Pea» Bean, Pulses, 
Aoaeia, Tamarind, etc.,) there is only a single earpel folded 
as deeoribed above. 

Fig. m Fig* tm. Fig. 206. Figs. 207, ^06, 209. 



Fig 204. Bidjinamoiifi, 6g. 205. tetradyoamooB statnens. Fig. 206. 
ValTular dettiscence of anther oC. Cinnamon. Figs 207. A carpel leaf 
forming t he ovary. Figs. 208 and 209^ the ovary cot open to show the 
placenta. 

Apocarpous gynoecium — When there are *^s6v6ral 
carpels in a flower and they are all free and separate, so that 
each carpel has its own ovary, style, and stigma, the pisiil 
is called apocarpous. Thus in Cha;|p[ipaba and Magnolias 
there are numerous carpels in ope flower, and they are 
arranged spirally on an elongated thalainus. In Rose the 
hollow Urn-shaped thalainus contains a few separate carpels. 
In Lotus the top^ shaped thalamus has several small carpels 
separately imbedded in it. 

Syncarpoua gynoecium — results ivom the union of the 
carpels of a flower ; it has usually a single ovary but the 
styles and stigmas may or may not unite (fig. 21,0). Where 
the union is complete, the pistil has a single ovhry, a single 
style, and a single stigma ; where partial, it may have a 
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riijgle ovary with separate styiee aiid stigmas* or a single 
style aiid stigma and separate ovaries. Thus in Palme the 
pistil is composed of three carpels but they are united to 
produce one ovary, one style, and one stigma. In cotton, 
Java, and other plants of the family there are five carpels 
united to form a stogie syncarpous ovaiy but the style at 
the top has five or more segments, each l>earing a stigma. In 
Akanda (Caloiropis gigantea), Nayantara (Vinca ros^a), Karabi 
(Nerium adomm), and other plants of the family, the stigmas 
are united but the two carpels form two separate ovaries. 


The placenta is the tissue in the interior of fcho 
ovary on which the ovules arc borne. It is usually 
developed inside the ovary on the united margins of 
Fig. 210. Fig. 211 . the carpeHeaf (see figs. 209, 

212), Where a single carpel 
forms the ovary, as iii the Pea 
family and in apocarpous v>i8tiis, 
the two united margins of 
the carpeMeaf usually l>car 
two rows of ovules, i.o., the 
.vj ^ ^ placenta is double, one belong' 

f Fig. 212. Fig. 218. Jjjg to 

M (M^-o margin 

(fig.209). 
This may 
be easily 
seen by 
split ting 
an unripe 
Pea fruit* 
The pla- 
centa . here . is in the margin, or marginal. The part of 
the carpel beaiing the placenta, i.e, the united margins, is 







Fig. 21 0. A i^^'hcaipons pibtil of iLice cajpels, styles free. 
Ffg. 211. Carpel leaves loimirg a syncarpous pistil. 

Fig. 212, Unilocular ovary ; p, placenta, o, ovules. 

Fig. 213. Bamo in cross-secUon, 
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called the inmr or ventral su$ure ; while the outer or dormi 
suture corresponds to the midrib' of the folded carpel* 

The simplest case of a synoarpoos oyary is where 
the margins of the oontiguous carpel-leaves unite ae shown in 
fig. 211, so that a uni-locular or one^eeJed ovnry is formed. 
The placentas develop where the union takes place and their 
number generally indicates the number of carpels which 
make up the syncarpous ovary. The placentas are here 
parietal ».«. on the wall of the ovary. This may be seen in 
the ovary and fruit of the Papaw, Pumpkin, Musk-melon 
(Kharbooj), Passion-flower etc. The idacentas in these 
iiistancos ai^e vertical ridges on the inner wall of the ovary, 
('corresponding to the ooiitiguoas margins of the carpel-leaves. 
In some oases the whole innor surface of the ovary develops as 
a placenta bearing numerous ovules, e Pansy, Water-lily. 

Ill other syncarpous pistils the ovary is divided into 
chambers or cellst and it may be two-celled, three-celled, four- 
celled and so on, according to the number of carpels, each 
oai'iiel corresponding to a single coll. The marginal portions 
of the carpeMeavos folded inwards meet ii: the axis, and the 
placentas unite so as to form a single central column. This is 
shown in fig. 210. The placentas here are esn/ra/ or a 3 w/<p. 
The partitions dividing the ovary into cells consist of the 
nttited contiguous portions of the walls ol the carpels, and are 
called dissepimenh. Those are necessarily composed of two 
layers which often separate in the ripo fruit to scatter the 
seeds. The ovary or the fruit of the Red-pepper (Lanka) is 
two-cellod with an axile placenta bearing numerous seeds in 
each cell ; that of Ganna, Palms, and the garden Lilies, is 
three-celled ; that of plants of the Cotton family is often five- 
celled, and so on. Sometimes a false dissepiment stretches 
from the dorsal suture to the centre of each carpel, dividing 
the cell into two. 

In the Pink (Diemthus) and soifio other flowers, the ovules 
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m Ik oefktry oolamti wtibh springa f^xnn ^ hoi$e pf 
tii6 ovaiy *8 * peg-abaped prctlaotimi is attadbad to 
i;}ie walla. Tbe placentation U said to be /rstf eaitlr^- An ex* 
tfemely aimpifiied ease is where the ovale artsee from the 
veiy base of the ovary ; that is, where the plaoenta is basal as 
m the Sun-flower family. The following is a summary — 
or the mode of dietribatfon of plaoentSB. 

1. AS in apocarpooB ovary^ Pea. 

2. Asiflst a 8 in ^ncarpons 2 or more celled ovary, Java. 

3. Baitlat^ as in synoarpons one-cel led Ovary— Papaw. 

t. Fr$^(^ntrai^ aa in one-cel led syncarpoas ovary with a free 
columnar placenta from the base of the ovary, 0 .g. Pink. 

6. Sastd^ one ovule arises at the base of ovary, g.g: Sunflower. 

The style proceeds from the top of the ovary and is 
traversed by a narrow canal which leads to the chamber 
of the ovary. The inner surface of this canal develops when 
mature a tissue which ends in the placenta below and the 
stigma at the top. The pollen-tube formed on the germina' 
tion of the pollen grain on the stigma pasties through this 
tissue. As a rule the style is at the top of the ovaiy, i.e., 
it is ierminal Sometimes it is displaced on the side of the 
ovary, and is then lateral ; when the displacement is greater, 
tbe style may arise from the base of the ovary, t.«., it is 
basal. In the Toolsy family it appears as if the ovary wore 
depressed in the centre, ^nd the style rising from the 
depression in the midst of carpels seems to come from the 
thalamus ; such a style is termed gpnobusic. 

The stigma is the termination of the style. It consists 
of a loose tissue, and secretes a viscid matter which detains 
the pollen and causes it to geminate. This secreting tissue 
is tbe true stigma, but it is more commonly distinguished as 
tbe reeepiwe spot, while the divisions of the style on which 
the reoei^ve spot is developed are called the stigma. The 
divisions of tbe stigma often mark the number of carpels 
which compose the : ^hus, in Java tbe fwe-fid 
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indioMies fivs .mriidii, is BasgaD aod &a:0k(ww^e J«a^ m 
h^ii iodiettM oArpolB* ta Ow^ttber ^ 

rtigioa indiestea t^ne ««r|»l8, and ao on. . Sometipsa, as 
Graaaea and oeroab, tiie ati^iaa of a oai*iMl beooaHM 
ftdhetv or disseeM. A aimple ronndad atiipta » odled 
eapitaU. 



•f lOMA With ««c«PTtv« 

• FOT ON WHICH POLLtH 


AOtLCN-tUM. 



on TM« 
OVUI.O INOOUaH WHICH 
1 Hft rOLVSfHTUOB lO 
nnooiHa, 


Fig. 216. 

£mBi a 
pollen. 


• HOnVO^AO COHTAI^IINO tH« F«HALC 
•UftOlAHCC **OVUH** WHICH !• OOtHO 
TO •« foutiumd^ 


NUCSI.I.UO COMTAIHiHC THC OMHHrfhOAC 
CHITin, ANO 

INHCn WAirtO OF IHC OVUUC. 

CHAAAXA AT THC HJMIC OP THC HlieCi.l.UO 

PUNICtC CCAmHO THE OlTTHOl ROFOUO 
OVUil. 


Tig. 314. The prooen ot fcrtiliaation and the Amctuve of the ovule 
— (iiagranuiMtic. 


Hie ovule ulaea from the placenta aa a email, bnd-like, 
wnioal bulgiBg which aoon growa op into an oval or 
^iHicai body, clton anpported on a atedk called tibe fusiol* 
or muKivms (fig. *14). The bedy of (he ovule, called tbh 
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NUOBliLUS. is prateeted by otie or two odats wbioh gi*ada* 
ally grow up from its base and cover thd rmoellus, lejiving 
an opening at the top, called the VIOROPYLK or FORSUSN. 
The base of the nueellus* where the coats arise* is 
called the chalaza* The point where the body of the 
ovule is attached to its stalk (funicle) and afterwards 
breaks away from it when the seed is ripened* is called 
tbe HILUM ; in the seed this is marked by a scar. Inside 
the micellusi towards the niicropylar end* is fonued a 
minute chamber, called the rmbryo'SAC oontiiniiig the 
female substance (ovum) of the plant. The pollen-tube 
carrying the male substance passes through the mioropyle, 
pierces the iiucellus and the embryo-sac. and then the two 
male and female elements unite. The ovum thus fertilized 
then gradually develops into the embryo. 

Forms of ovule. — 1. The typical ovule, shown in figs. 
214, 216 is the STRAIGHT, atropous or ORTHOTROPOrs 

Fim. 216. Fig. 217. Fig. 2 lb. Pig. 2i\K 



Orihotropoufl, Aiiatroptjini,^ Canipyiotropons ovules, Anatropous 
ovule of Lily slowing a, nucellus; b, embiyo-sac; c, chalaza ; d, 
integuments ; f, funicle ; m, micjopyle, 

ovule. Here the chalaza and the hilum lie close together, 
the microi^Ie lies at the other end, so that beginning 
from the placenta we have: the funicle, the chalaza, 
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tho two eoatsi the uuoelliie> and the micropyle. Thia 
is not very oo nmon but itaay be seen in the Oubeb, 
Blaok'peppen Beteb and a few other plants. 

2. Ai^atropous, or iNveRTRo ovule, is far more com- 
mon. Here the funiole pushes up the base of the nucellus 
until it is inverted, and forms a ridge to it as shown iii 
ftg. 217. The mycropyle points to :th6 placenta, the 
ehalaza is at the opposite end, and the hiium (whan the 
seed breaks away) near the mioropyle. 

3. Caiupylotropous, or OURVISD ovule, his its nuoeUos 
curved or bent like the letter U, as shown in fig. 

so that the ohalaza, the hilum, and the mycropyle, all lie 
close together. Ex. many Grasses. 

4. Aacphitropous ovule Jias its body set at right-angles 
to the funiole. The body of the ovule is straight, so that 
the micropyle, nuoellus, and the ohalaza are all in one line, 
but it is so twisted that the long axis is at right angles 
to the funicle. Ex. Poppy . 

QUESTIONS. 

1. Explain the terms : monadelphous, syngemesiousi tetradynamons 
stamens, and dioliooua, monocliaoas, dioecioos, and moncecious flowers. 
Give examples. 

2. What are : staminodcs, poUinia, petaloid stamens, versatile 
anthers, apocarpous and synoarpous pistils f Give examples. 

3. Give with examples the varions ways in which {a) anthers 
dehisoc, {b) anthers are attached to the filament, {c) placentas are 
developed in the ovary, 

4. What is an ovale ? Describe with diagrams its stmotnre 
and function. 

5. Describe with examples the various forms of the ovule. 
Give sketches. 

6. What are the following and where do you find them f — eztine, 
paHen*tube, ohalnea, polygamous flowers, foramen, monocar pellary 
ovary, oomfiound pUtil, intlne, hilum, free-oentral placenta, embryo^ 
sac, gynobas'lo style, receptive spot, uniloeular anther, 

8(a) 



CHAPTER X. 

POLUNATION. 


Pollioatioii* or the transference of the pollen from 
the anther to the stigma, is the first important fuhctioii 
of th€ flower. The pollen-grains cannot tfaemaelTea reach 
the stigma, for often the stamens are of a different length 
than the style, so that the anthers are at a higher or lower 
leveh and some flowers are unisexual. The polletrgrains 
must be carried from the anther to the stigma. This 
conveyance is secured with the help of (a) wind, (6) ins^s, 
(c) birds, or (d) other animals, and sometimes of (e) water. 
Various contrivances are found in flowers, to secure the 
help of one or other of these f^eiits for pollination. 

Anemophilous or wfmd-pcdhmf&d flowers are very small, 
dry, and inconspicuous. They are neither showy, nor 
fragrant, for the perianth is minute aiid scaly, and no 
honey is secreted. Examples are the Grasses, cereals, 
Bamboos, many Palms, and the Mulberry tree. The 
flowers are often clustered in spikes or catkins so that 
they SAving freely in the air. Poll on ^grains are produced 
in enormous quantities in large capacious anthers which 
dangle in the air at the tip of long threadlike filaments, 
so that the pollen is easily blown away by the wind. This 
is seen very clearly in all grasses and cereals. In other 
cases the anther buints suddenly and the pollen is qjeeted 
with force. As pollen is spoilt by moisture, the anthers 
open only when a light dry wind is blowing, and not when 
the air is damp or stormy. The pollen^grains are small, 
and dry, and do not filek to one another, so that 
are easily shaken off the anther. cThey have a smooth 
arrested by the leaves they et 
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oooe roll off mA float away ia tilio fir. la isoma ^os 
(PinoB) ikty ara providafl with wmg^lihe ap|iaiKiaga$ 
wliioh halp tbm to be carried over a long dtstafiee. ^lie ^ 
stigma is also weUhadapted to catch ^ flying ^lollen. It 
is very large# often bniah-Iikey featbeiV or dlteaotad# as 
in grasses and ceraalij so that a large torfapa is exposed, and 
tiie pollao bonm the wind is caught at if in a net* 

Anemophiloos flowevs are often anisexiial t either or 

ttonoeeiooB. For instance, the male Toddy ^pahn (Tal) IbaarS a long 
tlii<dt spiked ooantless minate stamiiiate flowrera Atcae ; the poUen 
is carri^ by the wind to the female fr{iit-l>earing trees ; sc too ia the 
Date (/tauk) Me, and in the Ketnky (Res'— tg. 3S shows: Mie 
female plant), the sweet-scented male infloresoenoe of which is largely 
used in the country^ for flavouring catechu. The Castor-oil ptani 
is another instance of anemophilde ; the male flowers have indch- 
branched stamens and countless anthers, the female have large branched 
feathery stigmas, both flowers' being on the tame plants Other 
instances are the Jack, the Mulberry, some Crotons, etc. 

Entomophiloua or insed-pollinaied flowers arc by hr 
the most common. Almost all oidinary flowers are insect* 
pollinated. They are characterised by an att^-active corolla 
or perianth, in many cases they have a sweet scent, and 
often contain honey or a large amount of pollen. The 
colour, or fragrance, or both serve as a signal for insects 
to approach in prospect of honey or pollen. The honey 
{nectar) is a sweet secretion collected at the bottom of 
the corolla, or in a special reservoir (called n^rdary, fig. 
170 s.), and constitaths an important food for certain 
insects. The pollen > also is a very nutritious food for 
insects, and in flowers which have no honey a larger 
quantity of pollen is formed. An insect in search of food 
visits a flower, sips the neotar or collect the poUan* and 
as it flies from flower to flower it uneonsciously acts 
as the pollinator, for sonqe of the pollen sticking 
to its tongue .or bo^ can not fail to touch the stigma of 
the flbwei'B visited^ The |M>llei}*giains are not dry and dusty, 
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M in viud'poUiiiitted flowers, but are stioky, so that they 
easily sdbere to some iwit of the inseot's body. The surface 

Pig, 280. 


Pig. 2*1, 



Bee flowers'— pollinated by a largo bee. 
stamens ; S, stigma. 


of the ponen 
bears sidnei 
warts, OP simi- 
lar prelections 
(see figs. 202, 
209) and this 
ensures a safe 
landing on the 
stigma. The 
latter too is 
similarly formed; it is notjarge and feathery as in wind- 
pollinated flowers, for it is sure to get some pollen from 
the visitor, but is sticky and rough with spines, etc., corres- 
ponding to the surface of the pollen. The form, colour, and 
scent of the flower vary widely, accoiding to the class of 
insect whose aid is sought, and the adaptations in some 
flowers are such that they can be pollinated only by a 
particular species of insect. 

Pollen flowers have little or no honey, no strong scent but numerous 
btamehfi which produce a large quantify of bticky nutritious pollen. 
They are usually large, simple, regular, and rosaceous (p. 107) in form, 
and offer only the finely exposed pollen to their visitors. The visitors 
are chiefly bets and beetles, though other insects also come, but butter- 
flies and moths do not eat or gather pollen so that their visit is only 
casual, Ro^e, Poppy, Mexican-poppy (Shealkanta— m&d’ 
cana)f Magnolia, Poitulaca, Lotus, Water-lily, Gourd, Pumpkin 
(male-flowers) etc., aic pollen-flowers. Bees and humble bees aic the 
most industrious pollen collectors. The pollen is produced in such large 
quantities that the insects roll-in them and come out smeareti all over 
with a golden dust. 


Honey flower* are by far the most common* They economise their 
pollen and instead secrete a sweet or scented liquid, called honey or 
nectar which is offeietl to insects. "The flowers are usually small with a 
fev^tiMtions, often inegular in shape, brightly coloured, or spotted, or 
iHsiatkedy aad arc so formed as to protect their pollen and honey from 
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omftl visitors. I^hey are highly speoialiseii to be eiteotively ^Hinated 
by different t^lRseea of insects, for the larger insects, wasps, l^les and 
bees, are the most mischievona pollen plondereTs. 8ome are white or 
pale-coionred, bat emit a far-reaching fragrance which serves to attract 
the insects of their choice. The following are some ol the important 
groups of honey-flowers 

1. Butletfly flowers {l^p&iopigropkSous)^ visited by butterflies 

which have a long tongae or proboscis. The ffowers also have a long 
narrow tube at the b jttom of which is honey which can only be reached 
by these butterflies and not by short-tongued insects (wasps, beetles^ 
flies and some bees). They ate very brightly coloured with crimson 
streaks or spots, red being the colour which affects butterflies most. 
1 hey have no scent, for bright coloured flowers are, as a role, little 
fceiited. Example : Pink, Kangan. * 

2. Moth flowers {L^ktopterophUous)^ visited by moths (the 
i^ame family as butteiflifg) which fly about on pleasant evenings at 
dusk or night. The lloweib are like the last but ai^e white and pale- 
colour cd (bright colour being of no use at night), emit a very strong 
scent, especially at dusk. The common Jasmines, Hasna-hena {CiS- 
trum ncctumum), Shephalika (Scuii— arbor^tristls)^ arc ex- 
amples. The flowers aie often called night flowers for they open 
at dusk when they art’ most fragrant, and fall away the next morning, 
so that they cannot be pollinated except by night-moths. The moths 
also pollinate with surprising rapklity. Attracted by the strong odour 
they fly straight to the flower and at once introduce their long ^tongue 
into the corolla-lube, ami within a few seconds hasten with stormy 
flight to another flower. In one night hundreds of flower may be polli- 
nated by the same moth. It is for this that the corolla falls off so early 
and the flowcis produce only a few stamens (2 in Jasmines). 

3. Bee flowers {HyMenopterophUous)^ visited by the various 
kinds of bee (large bees with short tongues, humble-bees and honey- 
bees with long tongues, and wasps, are of various forms, but generally 
iricgular flowers such as papilionaceous, bilabiate, and personate flowers 
fall under this group. The colour also varies widely ; yellow, blue or 
violet Iwing the most common. Very often the flowers are so highly 
specialized and their shape so admirably suited as to be visited by a 
particular kind of bee only, and not by others. Ex : Pea family, Bal- 
sams, Orchids, Bakash family, Toolsy family, etc. 

Fly flowers {D^erophilous), visited by various forms of 
flies, ar^ usually small, of a dull colour, yellowish or white with 
coloured^ spots, regular and open in form, and not very attractive 
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or »howjf^ .$omo w bodruneUiogi bafc the odoor k attroetivo to wnno 
Hies, fiooi)^ oarrjon^ftioB and dung-flies wUioh like rotten vegetableB, and 
are foUinated by tliem. Others conceal their nectar about the Stametis 
and stigma which are stifland cannot foe easily moved by such insects as 
bee% but by the lai’ger flics which possess a very hard and short tongue. 
Ex $ .Eacboo, Akanda, Mango, Keem, Aroids, and other small flowers. 



Fig. 222. Winrl*i‘olliDslcd lIo>>cr of a p’ant of the Graes-family, 
The dry duet y pollen (p) escaping from the huge pendulous anthers 
(st) is cairicd avay by the win<l. The style (s) is laigc, branched and 
feathdy, but the stigma is not foimcd till the aiitbcis arc discharged. 
The flower is dry and flnsky (magnified 5 times). 

Ornithopkiious or bird -pollinated flowei’s are not common. They 
are vuy large, of a deep scarlet colour, and secrete a large quantity 
of honey. They are common in tiopical jungles, especially of America 
(Brasil) where bumming birds at*d hOney-birds abound. The flowers 
are so large that insects (butter-flies, bees, etc.) can not reach the 
nectar, but the birds mentioned visit them either for the honey or 
for the insects attracted by the flower and hovering about it. The 
large highly coloured flowers of the Bed Bilk-cotton (Simul), BignoniaSi 
Krylhrinas {Coral trvf), Bondal or Indian Laburnum, the Gold Mobur 
or Ki'ishnaohnra and the scarlet Poppies and wild Daturas of 
the hill^ arc bird-jKiliiDatcd. The American trees Brownea {S. 
and A^rstia ncMs» now iutrCduced into this country, have laigo 
rcd.coloured omithopbilous flowers. 

pollinatiof), or that wHh the help of other 


f$a l«»i Borne atiiiiuile itoocmae^oiieijr ^ m fiolHiQjWbom. Ttin^ 

»mxm of bote moy be eeoi rising ot doelt the lovge beodi de^itedWKibo^ 
fioweiv wbicb ATO proctooed in EorpoBftl^ prolit«ioii on tbo piAHi. 
bote eat the inicy eUm^e and during the aot poUen^ginlluiaieaeattm^ 
oeer their body* SimilarJy email enaile and elaga ace bnpnrn to take 
shelter withm the epathe of various species oC Aram (S^cboo family). 
In their mOyement to and fro they carry pollen from the male to the 
female l9owera 

Hydroi^tloni p^liiiation Water is never used to carry 
grains directly, for they are destroyed by it. But certain aAM;|^ 
make use of water*eurrents as a passive agent for carrying the male to 
tire female flowers. Thus the common aabmergcd plant 
spindls is diceoM)ii8, bearing male dowers in one plant and female 
fiowers in another. The male llower buds detach themselves from Olpalr 
stalks while still under water, ami rise to the savfaoe ami then ^peo 
out with a pair of stamens projecting fi-om the middle of three small 
boat-shaped sepals. The female flowers borne on long stalks also open 
out on the surface of water and* bear three large projecting stigmas* 
The small male flowers, drifted by onrrents of water, become entm^led 
in the female flowers and the pi ejecting stigmas and stamens oome 
in contact. Another example is Hydrilla Verticiilata, a slender 
Bubmerged plant ccgpmoD in our tanka 

Self and Cross-pollination— When the anthers He okrne 
to the stigma pollination may be brought about by the pollen 
simply adhering to the stigma. This is called self-pollinatton 
or autogamy. But this is not possible in many oases* Thus 
when the fiowerh are unisexual the pollen must come ftom 
the male flower to the female flower, and in cases where they 
are dioecious the pollen must come from the male plant to 
the Stigma of the female plant. This is called cross'CNallina* 
tion or aUogamy, In the first case {unisexual flowers) two 
flowers are ereyrsd ; in the second^ two plants of the same 
species. Byen in bisexual (hermaphtodite) flowers sell-potti* 
nation is not always possible. Thus many grasses aod meals 
which have both stamens and pistil in their flowers, so 
develop that while the anthers are dangling in the air 
and giving out little clouds of poBen-dust (utiemo- 
philout), stigma trains iinmatum the lecaptite 
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spot. Thf3 result is that the pollen of a young flower ie 
carried by the wind to an older flower which has already 
discharged its pollen and has just developed the receptive 
spot on its stigma ; the younger flower pollinates the older, 
ue,, the two are crossed. There are various other devices 
in flowers by means of which self-pollination, or the polli- 
nation of the stigma of a flower with its own pollen, is often 
prevented, and cross' pollination is aimed at. The reason 
is that by inhrcromng better, stronger and often , more nume- 
rous seeds are produced than by self-pollination. 

Fig. 2^3. b'ig. 221. Fig. 225. Fig. 220. 



Flowers of a capitulum showing gradual dcvolopment of the stamens 
and the style. Fig, 223, the anthers have discharged pollen-grams (p) 
inside the tube formed by the anthers (a) ; 224, the same later stage, 
showing the elongateil style carrying the pollen at ita ; tlRi the 
same later stage, showing fhe formation of the bihd iNSllea 

(p) remaining at the ends of the stylar branohCS« Fig the stamens 
of the dower only ; a, anthers ; f, filament. ^ 

Allogamy may take place in either of the ihm ways ; {1} 
when the crossing takes place between flowers of the same 
individual plant, it is called geitonogamy, and (2) when 
betwehn flowers of in?o individuals of the same . species, 
it is called jtenogamy. For instance, in the Papawand 
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the Toddy-palm the pollination most be xenogamous, for 
the male dowers are in one plant and the female flowers 
In another; the two pUnts are crossed. Where herma- 
phrodite flowers are crowded together (as in the Sunflower 
family) it is very likely that the wind or insects will carry 
the pollen of oite flower to the stigma of its neighbour ; 
in other words the pollination is geitonogamous. 

Crosa-poliination takes place with the help of wind, 
insects, ctc„ which carry the pollen from one flower to 
another. The adaptations found in flowers for secunng 
intercrossing are : — 

1. Dicliny or unisexuality. Unisexual flowers must 
be necessarily crossed. When they are monceoious, as in 
Cucumber, Gourd, and other plants of the family, the 
pollen must be carried from the male flower to the female 
flower borne either on the same plant or on another plant. 
When they are dioecious, as in Papaw, Toddy-palm, Date- 
palm, etc., the pollen must come from the male plant to the 
female plant. 

2. Dichogamy.-- In many hermaphrodite flowers there 
is a difference in the time of maturity of the anther and 
the stigma. This condition is known as dichogamy. In 
some plants the anthers of the flower mature and shed 
pollen before its stigma develops the receptive spot— this 
is termed protandry ; while in othem the stigma of the 
flower develops and receives pollen long before the anthers 
are ripe— this is termed protogyny^ The flower, then, though 
bisexual in form, is unisexual in function* For the pro- 
tandrouB flower is at first behaving like a male, and then, 
when the pollen-grains are discharged, like a female. The 
protogynous flower is at first female and then male. Of course 
all the flowers of the plant are either protandrous or 
protogynous. A protandrous flower polUaat$s an older flower, 
and is Uaelf pollinated ^ a younger flower. A protogynous 

9 
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flower is potUnated hy an older flower, and iisAf pcUintrits 
an younger flower, The flowers of the Sunflower family 
are as a rule protandrous. The oapitulum (p. 86) 
consists of several ligulate ray-florets, and iiomerous 
diso-florets. The ray-florets are brightly ooloured and 
serve to attract insects. They are often only pistillate. 
The disc-florets are hermaphrodite and have a tubular 
coi^lla from the mouth of which projects the tube 
formed by the syngenesious anthers. The poflen 
is early discharged into the interior of this tube. 
The style at this time lies hidden at the bottom of the 
anther-tube ; it then slowly lengthens, pushes the pollen 
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Fig, 227. Flower opened the 1 st day, showing protandrous stamens 
isi)i style ( 5 ) still immature. Fig, 228. The same, showing position 
of recurved stamens (^) now discharged and withering, and of the 
style which has now deireloped the stigma 

before it out of the tube and bolds it in the path of insects. 
The insects ciUrwling over the surface of the oapitulum 
take away the pollen-grains on their body. The style in 
the meantime has elongated still more, and at. length it 
divides itself into two branches on which the stigmatic 
receptive spot is then developed. As all the flowers are 
protandrous, shedding pollen-grains long before the stigma 
it /formed, and as the flowers open circle after circle, it 
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ioilowv that tih6 {>ollen of tte oapttulum wbtch is fuat 
opening musit be carried avray to an older inlly opened 
oapitulum, ^e eiiginafl of which become thus poiiinaled ; 
and further, in the same oapituium. gradually ae the inner 
cirolea o| florete open, their pollen easily comes to the stigma 
of the outer oirole& The ray*iloi*ete are all female, eo that 
as the first circle of disrfloreta opens the pollen for poUina** 
ting the ray^florets is at hand ; the protandrOus floweia 
pollinate older flowers, and are themselves pollinated later 
on by younger flowers. Almost similar is the tsase in the 
Java or Cotton family. Here the filaments form a tu^ 

(monadelphous). which at first conceals the style. The 
Fig. 220. Fig. 230. 



A B A B 

Fig. 220. Dimorphic heterostyled flowers ; A, a flower with anthcrB 
at a higher level ttian the stigma ; B, just the reverse. Lcgilimatc 
union takes place between stamens and styles of equal length. 

Fig. 230. Slamens and styles interchanging positions — an instance 
of dichogamy, A, anthers mature, style turned up being yet too young. 
B, stamens turned up being now too old ; the style now has developed 
its stigma and has come to occupy the position the stamens had in A ; 
the arrow indicates the path of visitors. 

authors begin to shed the pollen*grains soon after the flower 
opens. In a short time the anthers are empty and di'y up. 
inspects having carried away the pollen. About this time the 
style peeps out of the staminal tube, gradually elongates 
more and more and divides into five or more branches bearing 
stigmas. Now this stigma can only be pollinated by the 
pollen of another flower which has just opened and is shed* 
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ding pollen ; i.e, by a younger flower. In eoine dichogamoiis 
flowers the stamens and the style interchange their position 
60 that at one time the anthers only He in the path of the 
insect) ai.d at ar>other only the style with its stigma. For 
instance, in the oomtnoii Ghentu (Cierodtndron mforiunaiym, 
a small shrub flowering in the cold season) tibe stamens are 
iii first stt aight in the flower that has recently opened but the 
style is bent down) as shown in fig. 227. The fiowers are 
thus protandrous ; they emit a strong smell at dusk and 
attract night^moths. The moth that comes for nectar, 

hidden far below in the corolla tube, must pass its long 

tongue into this tube, and as it soars in front of the flower 
the wiiifis must touch the anthers. Then as it visits a flower 
which opened the night before, it finds the style occupying 
the same position as the stamens of the newly oper.cd 

flower, and the bifid stigma which has now been developed 

receives the pollen brought fiom the younger flower. The 
anthers after discharging their pollen in the first night roll 
up or curve down (fig. 22t<), and then the style straightens 
on the second evening, forms the stigma, ai d receives pollen. 
There is absolutely no chance of self-pollination. 

Proiogynons fiowers arc found in the Mustard, l’o:ato, BrinjaJ, etc., 
where Ihe stignia is sticl^y while the anihois aie yet young. In many 
l»lants w'hich proelucc unisexual fiowcis, especially those that are ancnio- 
philouB, protopyny is very comrcon. For inhtauce, in plants which hear 
male and female fiowers, the lattei mature first, so that they are fertiliS' 
<(1 l>y pulltn coming fiom anotliei individual of the same species 
(xenogamy ,J 

3. Herkogamy. — In many homogamous flow’ers, i,e, 
those in which the anthers and stigmas ripen at the same 
time (as opposed to dichogamous flowers), the relative posi- 
tion of the stamens and the style is such that self-pollination 
is difficult ; for often the stamens are bent out towards the 
circumference of the flower and the style is central, and 
" iP many cases the anthers burst e^rmely i. e. facing the 
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petals. This may bo seen in the garden Nasturtiums 
and Portolaca. 

4. Heteroslyly. — Sometimes the stamens and styles 
sro of different length ; this is known as hetarostyly, and is 
very common. In some plants there are two kinds of 
flowers : some with long stamens and short styles^ others 
with long styles and short stamens, the relative lengths 
being reciprocal, as shown in fig. 230. The anthers and 
stigmas are so situated that insects visiting several flowers 
touch correspondingly placed organs with the same part of 
their tongue. Thus a short style is pollinated by short 
stamen, a long stylo by a long stamen. This is the legiiitmU 
pollination \ it is illttjiitmate when pollen of stamen comes to 
the stigma of a short style. Better seeds are produced by a 
legitimate crossing than whbii it is illegitimate. Such flow- 
ers are said to be dimorphic* Similarly there are trivmpMc 
flowers with three different lengths of styles and stamens, 
long, short, medium. 

Self-pollination can take place only in hermaphrodite 
flowers, but not in all, for many flowers are either dichoga* 
inouF, 01 if hoinogamous, are often beterostyled or herkoga- 
mous. But still self-pollination is very common in flowers. 
And though by crossing better seeds are produced, it is 
far more difficult to secure it than self-pollination by which 
means at least the production of seeds is certain. Certain 
flowers must of necessity bo crossed, but in hermaphrodite 
flowers there are also adaptations ior self-pollination on the 
failure of intercrossing through want of wind or insect-visit. 

1. In the simplest cases the anthers are close to the 
stigmas and cover the latter with pollen es the flower opens. 
This happens in a number of small annualij^nts which live 
for too short a period to wait for insect^lsit and risk inter- 
crossing. 

2. In mafjy flowers the stamens are first directed 
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bdt later inclitie tovrarda the etigmas and pollinate 

ttom <his. 231). This 18 seen in the garden Portolaoas 
anon k 



Fjg. 231, 6>c]f-polliiiaiion lu the flowers of an Umbcllifcr. a.b*C'.d.e. 
are the sneoessive stages showing how stamens curl inwards and sprinkle 
pollen on the stigma. 

fcha flowers o£ which open for only a few hours in the fore- 
noon. They are pollen-flowersi and at first stand open with 
staSens bent on one side and the style bent on the other. 
When touched the stamens recoil like a spring and scatter 
the pollen-grains ; this they do also at noon when the sun 
is warm, and thus sprinkle pollen on the petals. Soon after 
the petals fold up, the flower is closed, and the stigma 
become covered with pollen. In Kala-jira (NigeUa saliva) the 
stamens at first stand horizontally, but later on they stand 
up one by one and the five styles being bent down, the 
anthers touch the stigmas and pollinate them. 

3. Self-pollination by a similar folding up of the petals 
is also seen in the common Shealkanta (Mexican Poppy). 
The flowers are large yellow pollen-flowers ; the filaments 
diverge away from the centre while the stigma is central. 
Insects rarely visit the flower, but self-pollination takes 
place by the pollen sprinkled on the petals adhering to the 
stigma when the flower closes at maturity. Flowers of 
Morning-glory and other Ipommas also exhibit a similar 
closing up of the petals in the afternoon, and as they remain 
open only duiing the forenoon, they are seIf*polUnated it 
not crossed by insects previously. 

#. fi^metitnes the filaments and style become inter 
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twined* so that pollen is brought in ecmtaot wHh the 

as in the oommon Fouro^clook plant (SrishiiakalO, the 

flowers of which also close up at dusk. 

fi. In the Cotton and in the Sunflower families there is 
a very peculiar means of securing aelf'*polli nation on the 
failure of intercrossing The protandrous flowers shed flbeir 
pollen long before the style develops the stigma. Later on, 
if interotosripg bos not already taken place with the Aelp 
of insects, the style goes on dividing more and more 
and the stylar branches, on the inner surface of which is 
developed the receptive spot, go on curling more and more, 
till they come into contact with some of the pollen sticking 
to the filaments (in the Cotton family) or to the pappus (in 
the Sunflower family). 

6. In the crncifnrra flowers of the Mustard and Badish 

there are two shoit stamens 
with anthers below the stigma, 
and four long stamens with 
anthers at the same level with 
the stigma (fig. 232). The flowers 
are slightly protogynous, so that 
insects bring about cross* pollina- 
tion. At first the shorter 
stamens ripen and give away 
pollen, but if insects fail to 
visit, the longer stamens shed 
pollen on the stigma when the 

Pig. 282. Tetradynamou. 

Htamens {st) and Style with thus secure sel{*polUnation at 
atigm(B) of a crucifer. the last moment. 

Cleitioganij Many plants produce in addition to ordinaiy open 
flowers small bod-like flowers which remain permanently closed, but 
which notwithstanding produce frails These arc citled dMogamems 
flowers, as opposed to the ordinary open flowers called diasfiUfgm- 
<ms flowers, Clefetogamons flowers are se^|-{iolllnated and developed 
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at feaacmB leea fa<voorablo for ciH>B8-poiliimtiQii. They are smalls green- 
isht bud^ike dowers without, or with an inoonspicaous, oorolla, with 
tile anther and stigma lying close together, so that the pollen 
easily reaches the stigma. They lie near about the ground, bidden 
belSilnd ^ leaves, and are formed generally in smaller plants which live 
in mud^^ or marshy places, where insects arc less likely to pay a visit. 
Coaimfa instances are^ CommeUna bMg(d 0 isis (Kanchira), sevei*al 
Bpecici|i)f Violets, Oxalis, etc. The Jack-fruit ( Kant hal) tree is known 
to pro<tace underground big Jack-fruits which are supposed to arise 
the cleistogamous pollination of female spik^Hlevelopcd under 
the ground. 

SUMMARY. 

Pollination may take place with the help of (a) wind, (b) insects, 
(c) birds, or (d) other animals, and sometimes of (e) water. 

1. Wind-pollinatnd or anemophllous flowers are small, dry, colour- 
less, odourless, hopeyless, but produce a large quantity of dry, dusty, 
light pollen easily blown about by the wind, and large feathery stigmas 
to catch the pollen readily—#.^, grasses, cereals. 

2. Insect-pollinated or entomophilous flowers are large, coloured, 
showy, attractive, often scented and with honey, and produce sticky 
poihu-grains with rough spiny outer walls and small sticky stigma. 
Tliey majr be.— 

A. large, regular, simple flowers with no honey 
but abundant pollen,—#.^. Rose, Poppy, Cucumber. 

B. ^oney-fJow€rs-'9ma.\l flowers especially adaptcii with only a 
few stamens and with honey, so formed as to protect both from Ub- less 
waste. These form the majority and are— 

1. Bmsrfiy flowerSy which have a long corolla-tube ami high 

coloui in the spreading corolla-lobes— Pink. 

2. Moih fiowtrs^ similar but white and highly flagrant— called 

also night flowers, Jasmines. 

3. flmers, irregular flowers, such as papilionaceous, bilabi- 
ate, personate, etc, which have special means of concealing their 
honey. 

4. Fly /hw§rSf small, round, regular, bad-smelling or odourless, 

dull yellowish or purple-oolonred flowers visited by flies, 
Akatula, Arum. 

3* Bird-pollioat«d or ornitbophilous flowers are not very common. 
They a?*e very large and showy, with a large quantity of honey ; pollen 
and atigiiia are in <2). 
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1 ZoopliBom fidwm or Ih^se b| mtdgei^ mites» iMUa^ 

8liig«» iMita or otbor fttuinate, m roUier r»iio« 

5. Walof*potHiiatoil ot^ hjr4rophiloiM» toitrera are very rwo; 

flio diifereiit ways in wbioh dowort am j^liaated aro— 

1. Autog^Of^ or 8d{<polli]iaiioa<-^gml ^ a dowor ferli^iaed by 
its own poltoa ; oaly posBible ia biaexaal fiowera 

2. oroiiB«polUiiatioii--iiitigm iortUiBed by pcdtea of 

xaother flower, is either,— * 

' flowers are oa tfle aam in^eldiuU 

plao^p in oapiialas or ambets whei'e the flowers are browdedp^ 

B. X&iogamy>^ when they are on diflSereai indlruioals o| the same 
planti as in dioecions flowera * 

Ittter^cfosiiog, which gives rise to better seeds, is secnred by 

1. Otclttty or nnisexoality of flowers. 

A. Moncecious flowers mast intef^osa. 

B. Diceeioas flowers mast cross two individnals. 

2. Dichogamy — anther and stigma of a flower maturing at dilEeient 

times to prevent setf-poiliisation. Dichogamont flowers are 
fnnctionaUy unisexoal at a time. 

A. Protogyny — stigma maturing before anther. 

B. Protandry— anther maturing before stigma. 

a. Heterostyly^diflEerent lengths <d stamens and stylos even 
w hen the flowers are homogamons. 

4. Herkogamy — stamens and style divergent or Widely distant, 
though they are homostylous and homogamoaa 

QUESTIONS. 

1. How woold you distinguish between wind-pollinated and insect- 
pollinated flowers; Describe the adaptations found in each. Give 
examples. 

2. Describe the vadons forms of insect-pollinated flowers. 

3. What aie : pollen-flowers, moth-flowers, bee-flowers, night-flowers, 
chasmogamogs, cleistogamous, dichogamous, allogamons, heterostyled, 
protandrous, dimorphic, and xenogampus flowers, Give examples. 

4. Distinguish betw^ self and cross* pollination. What is the 
advantage secnred by the latter I 

5. Give an aceount of the various ways in which intercrossing is 
secured by flowers. 

fl. Describe poliination in Sunflower^ Pea, Jam, Bose, Grass, 
^Udamba, C<^ocasia, 'Cl«fodendroBt Gourd, .^^ama-hena, Pink, and the 
Jasmines. . '-v 



chapter XI 

THE FRUIT. 

Th^ fefuit is developed from tlie 
as a rilBiilt of lertilisation. After fertilfliition varims 
change« take place in the parts of a flower. Oenaralty the 
anther and stigma rapwlly wither while thh lUametit and 
style remain for a short time ; petals fall, and so do the 
sepals (except where they are persistent, pi 104 ), the ovary is 
enlarged to form the fruit, and the ovules mature into seeds. 
In simple cases the np) ovary forma the fruit ; its wall' 
becomes the pericarp or fruit-wall. In many oases, however, 
other parts of the v fiower> such as the thalamus, the 
ca,\yXt the bracts, and so on, unite with the ovary so that 
the fruit consists not simply of the pericarp but also of 
the other parts. Thus the fruit of Chatta {Diflema indiea) 
is made up of the persistent and enlarged sepida which 
enclose the true pericarp containing the seeds. And 
wben the ovary is inferior, the thalamus or calyx-tube 
is adherent to it and the two grow up together to form the 
fruit. This is seen in the Guava, Apple, Cucumber and 
other inferior fruits (so called beeause they are formed 
from inferior ovaries), where the withered sepals form a 
crown at the top of the fmit. The fleshy part cpuieB from 
the ovary together with the hollow thalamus which eiietosea 
it in the flower. Such fruits are sometimes distinguished 
0$ false or sp^iou& fruits or pseuiooarpsf the tern periohrp 
being not strictly applicable: The stimulus given to a flower 
by fertiliwitkin pauy, howevet* extend ssill further, and all 
the %wera of m inflormcenoe may grow up so as to form a 
singif fruit-^aH the pwies, pefianths, hincfs, etc^ Jofnfng 



toiom « naiw; Ibe 

figiiafeot ■ ■' ■■■■ ■'' .. 



Fig. S88. F«)li<deo{ Akuda ; to4be Fig. 284. & 

^ht the seeds with e toft of hairs, iNnitk^tui^. 


Kiiidt of fruits— A fruit which is foimed frote a DumbeT 
of crowded flowers is tefrued a eolUciivk or multiple fruit; it 
results from a whole inflorescence and is hence also teieied 
an ieifrukBcence, A fruit which is formed from the ovary of 
a single flower » a ^impls fruit; it inay^^he the ripe ovary 
alone, as in Pea, or the pericarp with the peraisteiit and 
enlarged calyx, as in CMta,. or the ovary with the thalamus, 
as in Guaya, Apple, etc. Where the flower has jr number 
of sepaiwte carpels (apocarpous gynoscium), as in Magnolia, 
Rose or Lotus, each ovary matures'^into a fruit luid the col* 
lection is called an aggregate fruit. 

Simple fiuits, or those arising from the single ovary 
(aupertor or inferior) of a flower, may be either dry or 
succ^dad. Where the ovary is superior, it matures into 
ttie fruit, the carpel becomes the pericarp which may be 
dry as in Pea, Mustard, or succulent as in hbugo, ^dilch, ^ 
Brinjal, Where the ovary is inferior it is adna|ie t^e wsj^ll 
of the thalamus, the two grow together afvd a fruit 

which W no true pericarp butf^ bo 

either dry (Sunflower), or suocuh^is^](^uava^ 
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Oiluiceilee imits.^Wben the fruit it mature and 
tbe aetda are ripe, the carpels usually break up so as tu allow 
the seeds to escape. The fruit in this case is i^hisotni. But 
some itniU are ind0humhU falling to the grpdnd eutirei and 
thp seeds eventually reach the soil by the decay of the fruit- 
wsdl. By deiiisoenee the perkarp breaks up into pieces 
caBed twAwa These are usually cut off lengthwise along 
either the ventral or the dorsal sutures of the carpels, but 
in soiue cases are formed irregularly and not by the s{ditting 
of the sutures, Tbe various modes of dehisoonee are:-^ 

1. Sotifsl or regular dehascsace,— 

When the fruit is formed from a single carpel it opens gensmliy 
by the vrntiai fiutnre only, as in Akanda (tig. 23S), Naysataia (Viirca), 
or 6omei1SD(6 by the dorsal feature only as in Magnolias. Such 
fruits, called Jblliclgs, have no calves, but m tbe Pta family both the 
sutures open, so that there are two calves. Such a ftuit is cal.etl a 
\ 9 gwn 0 3i0). The dtliibccnce is maiginaJ, 

Fig, 283. Fig, 236, Fig. 237. Fig. 288, 



Septleidal. Loculiciclal. Septifragal dehiscence of 

capsules (diagrammatic). 


2. When compoecd of several united carpels, the dehiscent fruit 
is called a ctgpsuU. Its dehiscence is said to be : 

(A) SfptkidaU ^hen the sipla or partition walls are split up 
and separated, so that tbe fruit is rendered into its original carpels, 
each valve thus formed representing a carpel (fig. 285). 

(B) Locutiddd^ when each carpel splits open along the dorsal 
au^ie, /e., hy its back, so that each valve consists of a half of each 
ol'iwt^tlgucus wpels (dg. 286). 

(c) when in either Of the above tuo forms of debts- 
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omee the tiwlag the eeede renukiii; ia « oeatn^i 

and the valvee, alone fall away. Ti^as a eapenie may be e^tlddaijlj 
septifri^al (4g. 236), or looulicidally aq>ti£ragal (fig. 237) as 
in Oatora (fig;tft9). 

If. Irrogulftf daliisoMio,--Ca{Mn|i^ may also have 

I. fbrous deblscehoei as when the parley bl?ealcs at some parts 
by oiTcnlar pores or boles through which the seeds esnapo, ^ 

(fig. 243). 

3. Transumnse or circmnsdssilg dehisocnes^ when the pmrloatp 
breaks up into two cup-shaped parts, the upper part falling efit like 
a lid, as in Bortulaca. CkmVs-comb (fig. 284), 



Dry ^^mhiscent fruits.—!. The follicle is a dry one* 
celled maiiy -‘Seeded fruit* formed from a single carpel* and 
usually dehiscing by the ventral sutupe* as in Ali^Anda {fig. 
233)* less commonly by the doi'sal suture* as in Magnesia. 

2. The legume is a diy one“0elled many*^iMded fruit* 
formed from one carpel like the last bid^^efaist^hg 'by bot^ the 
teotral and dorsal sutures into two valijites, p* Pea* Bean, 
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Indigo; A modified i&m of tW legume i« oidted 
the ; it is transversely eotMrioted tbe 

ime^ and is generally indolitsoent or bmb iia^peie-eee^ 
parts at the ooxistriotionfli Ig^baty (SehlStive pJaotX 
leaeia (Babia)» Siaoe. ^ ' 

The Tetoariiid Irait ie a Baooalent lomeat ; its petlosrp has Itoe 
distiaot parts ; a brittle ^ttearp oo tbe oateide, then the pulpy add 
Matoeam ^ ^ leathery or tough B mtecm p enolosiag the se^ in 
separate ohamberst The Ghroand-nut (CUmHMnif) has a t*B 
seeded indehiecent loment whieh is developed in a peculiar manner ; 
after fertilisation the flower-stalk bonds down and tl» ovaty is driven 
ipto the earth to ripen underground. In the Sensitive plant the peri- 
carp <3i the loment gradually crumbles away, leaving the two sutures 
intact as a thin frame from which the seeds are shaken out by the wind. 

Fig. 241. Fig, 24fl. Pig.?48. ^ Fig. 244. 



L(*gume Siliqua Porous Capsule 3-va1ved capsule 
Silicala Poppy of Cotton. „ 

3. Tbe siliqua is a dry two^oelled inany*seeded synoat- 
pous fruit} formed from two oarpels} and de^iiscihg by two 
valves from below upwards, e. g. Rape, Mustard. It is 
lormod from two carpels which unite by their margins 
to lorm two T^rtelal placentas, but subsequently a /slss parti* 
tion w stretches between the two making the Ovary 
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autaw tite bm» vilvM hmk tmn 

lAe wvtiua ' wbieh t^en refutaka helpod m s pMttiat<wt 
wfth' ieeda «fetaeh«d to tha naacgia (hi liUli lidw 
(fig. t48X A. lAoxt and bse^ «« in t>b« fudMi 

anDWtl Candytaft (ntrit), ia^ tamad « «tiioMlo (diaii»itiva 
of B9iqaa)i . s < r 

In aome ouw, na ia tha lUdithtU^mU), tteriU(}nala |riiaMa«td 
iodelilaceiH:, bnaicing tnuMveraely into nnenieeded {MM% ^ Maatto^ 
t.h« lomcntom and i« hanoe wmiBtimeg utd to be kuttHaemmst 

H*ip. S4«. Pig. 24 T. FJg“ S4«. 


Fig. 246. 

Cypaela of 
Bonflower, 


Bamaia Saif»ra A Cremoearp 

of Madbabilata of Sal 

4. The capsule is the general term applied to all dry 
aynoarpous dehiaoent fruits (see p. 140). It be oiM-oell- 
ed (Latkan — Bum OreUana), or more than one-celled (Cotton> 
Java), and may ^reak up into two or more valves. Thus 
the Latkan fruit bunts into two valvesi Cotton fruit (fig. 
244) into three, tint of Morning-glOry and Datura into four, 
of Java into five, and so forth, * 

fi. The pt/as or pyteidium is a transveraely dehiseing 
o^ianle, the upper part falKng off like a lid, as ia fig. 9S4 — 
s- p., Portolaoa, Cook’8*comb, Natya-^iak. etc. 

Dry indalaiaceniA {niite ate uauaHy one*oel!ed and om' 
seeded and lire cdten very tnudl and seeddike. 
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L Tht a^em is a imall dry ona^eaded su^rior ftaiti 
ike {^rioarp of which u applied to the eead but it separable 
from the Lotus (fig. 258) the garden Clematis and 

Nermelia (Chagul baty-— fig. 264) where the separate carpels 
of t&e Ibwer mature into small seed-like aohenes. 

2. The earyopsis, the term applied to the fruit of 
fSimises and cereals (the grains of rioe^ wheat* barley, 
etc*, are really fruits), is very similar to the acbone, but 
the pericarp here is very thin and quite inseparable from 
the seed (the husks are bracts). 

5. The cypsela is a small seed-like fruit like the 
aefaene from which it differs *in being formed from an 
inferior ovary. It is the characteristic fruit of the Suu- 
fiower family. In many cases it is crowned by a persistent 
hairy pappus (p. 105), « as shown in figs. 262-63. In 
Sunflower (fig. 205) the cypsela has two wings at the top ; 
in Marigold and Zinnia it is topped by the segments of 
the calyx ; in the weed Kokshim (Fernemu cinerara) 
and the garden plant HeHckrysum the cypsela has a tuft 
of fine hairs (fig. 262), while in some cases the pappus is 
borne on a long stalk at the top of the fruit (fig. 263). 

4. The samata is a winged achene ; that is, the pericarp 
is extended into thin flat membranous wings which help 
the fruit to be dispersed by the wind.—c. p. Madhabilata 
{Biptage MadhoblatQ)^ Bed Santal-wood (Pferecarpus 
saniaHnus), Bija-sal (P. Marsupium), etc. 

A winged fruit is called a samara ; but the wing is not always a pait 
of the pericarp. Thus the samara of Sal (fig. 247) has three laige 
wings and tw (4 smaller ones dereloped from the five lobes of the peisis- 
tent calyx the lower part of which encloses the fruit. 

fi. The Ku< is a dry one-oelled indebiscent fruit with 
a thick and woody pericarp. 

9, The w/rtcl« is an achene with a thin papery pericarp 
withhs ,*hteh the seed rattles. It is not ooromoii. 




Fig. 249. A cr<*naactrp with the persistent biHii stigma at th€ top. 
Fig 250. Transverse section of a oier scarp showing the single seeti 
and the fruit- wall. Pig 251. ^ Cremocarp showing the separated 
mericarps attached to the carpophore (a*). 

number of one-seed^®^! parts each enclosing a solitary seed. 
The one-seeded parts are dry and indehisoent like achenes 
and are cld^ , mmearps. The difference between a 
scihiao^rp and a capsule is this : in a capsule the pericarp 
bursts and the seeds are set free, bat a sohisooarp breaks up 
into its component carpals (mericarps) each enck^Hng a seed. 

The cremocarp is the characteristic fruit of the 
Carrot and Anise family. It is a dry syncarpous two* 
celled two-seeded fruit formed from an inferior ovary 
composed af two carpels. When ripe it breaks up into 
two mericarps (figs. 249^51) which remain for sometime 
attached to a prolongation of the axis called the carpophore ; 
each merioarp encloses a single seed. 

Succulent or fleshy fruits are naturally indehisoent. 
They may be soft and pulpy throughout (Quavai Orape), 
or with a firm rind (Gourd, Watet-melon), or flashy extern- 
ally and hard intenmlly (Maogoy Peaob). They may arise 
either from superior or from inferior ovarm. When from 
10 
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a«iperiot otary, the is tits } ll4i«n 

item ia iftfsrior oTarjTi it Is a pstuioeorp, i.e., a fi^ peiii'' 
earp fomed from the holloa thahtmos with which the wril 
of the ovary is united. The fleshy edible portion is often 
oitiied tiie saraoearp (»areo/i = flesh). 



Fif. 363. Drape of Ifsngo out TertieaUy. 

The drupe is a superior, usually i-seeded, suoeulent 
fruit with a hard tUme enelosing the seed, s.y., Mango, 
Peach, Almond, Coceannt, Hog'plum, ete. The pertearp 
consists of three parts ; the onter skin or epioarp, tiie inner 
stone ^ or endocarp, and between the two the fleshy portion 
or raesooarp, l^e esdooarp forms a hard ^ell or stone 
whit^ enelpses one or uiore.see^s till germination, when 
it splits open to allow the seedling toeomeout. Drupes 
. are. 8tp«ie*hraits, 


ftucouL&Hf K^imm m 

agjia Almood, and Ma^ tkoie o£ H«igtpLni% C^ooa&^ alc^, 
mrise from aoparior, synoaipoafi many-odtled otari^ n^faich daring 
ripening develop but one cell and one eeed and tbe teat ato often 
snppiretac^ Tbe Ooooannt frnit anaes from a fmperimr g^boSled 
ovaqr, bttt daring ripening only one cell grows wftti a i^igilie a$ed| 
tbe other two are abortive ; m too in the BeteKnnt* The 
however, similarly arises fxm a superior Silled ovary, m«l< 
oelis develop in the fmit, each with a single seed and sitfVOoadpF^ 
a distinct endooarp, so that^ there are three stones in t2ie ripif ' 
fruit. The Jujube (Kooi) is h drupe with a f-eelied, Stone 

or endooarp. Other instances are the Neem, the Kala»3am (^. ilbO). 
Tbe mesocarp is usually flesfay and forms the edible sareocarp,^ as 
in Mango and Peach. But it is sometimes tough as in almond, or 
fibrous as in the Ooooannt and Betel-nut, hence called fibims dngws. 
In the Hog-plnm it is spongy but full of a juicy pulp : so too in ' 
the Tal. 

The berry is a term applied generally to all fruits with 
seeds imbedded in a uniformly soft pulp. The endooarp 
and mesocarp can not often be distin^isbed, as both 




Fig. 253. Cross-section of Fig. 264. Drupe of peach ; S, 

pepo of Cucumber. The three the stone or endocarp, P, the heshy 
placentas project inwards where pericarp, 
each is forked and reflexed bear- 
ing ovules at the end. 

fom the pulp (saroocarp), with the epi<mrp as a tbioh or 
ttilu skin. The seeds have no stotie as in a drupe but are 
tibemselves bard. It may be superior (Briiijal/ Orape^ 
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Papawi Tomato* Tepari) or ioferior (Guava» Banana)* 
and has usually numerous small seeds* but may have a 
single large seed also, as in Date. 

The Bate fruit ie a berry and not a drupe^ for the * stone* is 
really a seed and not the endocarp. The outer thin skin of the fruit 
is the epicarp, the pulpy portion eaten is the mesooarp, while the endo- 
Oforp is a tbin papery layer surrounding the stony seed . 

The QuaTa fruit arises from an inferior 4 or 6 celled many -seeded 
ovary, the succulent portion being partly derived from the hollow 
thalamus adnatc to the ovary ; the sepals persist as a crown of scales 
on the top of the fruit. The epicarp (so called) in some varieties 
forms a veiy thin layer which is not taken off when the fruit is 
eaten. {Similarly, the Banana fruit arises from an inferior three-celled 
many seeded ovary ; here the epioaip forms a rather thick skin. 

The Giape is formed from a superior 2-cciled ovary with 3 oi more 
seeds, but the juicy matter comes mainly from the placenta and not 
from the pericarp, 

Fig. 266. Fig. 26t>. Fig. 267. 



Fig 266. Vertical section of pome of Apple , the innermost layer 
( ncloslAg the seeds ; tig. 267, the same in cross-section, showing the 
6 -cel led core. 

Fig. 266, Vertical section of the drufc of Kala-jam ; K, the seed 
riiolosed in a hard endocarp. 

The pepo, the name given to the large fruit of the 
Gourd, Melon, Pumpkin, Cucumber, etc., is a modified 
form of the berry. The fruit has a hard rind which encloses 
a large sarcooarp in which numerous seeds are imbedded 
ns In a beriy. It arises from an inferior one’celled ovary 
with three parietal placentas* either surrounding a central 
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cavity (Qourd) or prolonged into It as a cobereot fleshy 
mass in the centre (Water-melon— Turbooj) ; see fig. 959. 
It forms a pseadocarp (p. 1 38)> for the adnata thalamus 
of the inferior ovary grows along with it and forms die 
rind on the outside. 

The heaperidittm, as the frnit of the Orange and Lemon is called, 
IB a flcBby superior sy acarpous fruit in which the epirarp and mesposrp 
form a eeparabie nnd (the outer oily skin ib the epicarp, the under* 
lying white layer is the mcsocarp), and the cndocarp farois a thin 
membranous lining of the clrambers or cells of the Ltiit. The seeds 
aie attached to the inner angle of these chambers and tlie pulpy matter 
consists of numerous }uicy hairs which arise from the walls of 
the eiidocarp. 

The pome, the fleshy iudebiscont fruit of Apple and 
Tear I arises from an inferior ayncarpous ovary which is 
adnate to the hollow thaiann\B. The outer fleshy part of tl^ 



Fig. 268. Fruit of Lotus. Fig. 259. Fig. Fig. 260. rinc-applc, 

fruit is the swollen receptacle, the horny core inside (figs. 
956, 257) being the true fruit developed from the 5-oelIdd 
ovaiy aud enclosing the seeds, it is a pseudooar p, the real 
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,1 ' ' v *“ ' 

fMurteai^ being ia«L4e> Burranndiiig bbe eeedi m b thm 
o«i?ti3ege*like k^er. 

Aq aggvegnte fmit arises from the free eidr|iels 
(i^SfOo^rpam gynoecium) of a single floirer. It is omaBy a 
oolleetton of single fruits# sooh as klli<^eii aeh^es# betriesi 
foiled from the separate ovaries of A Soeh a 

duster is termed an eicutria, Thus in Hie Ohampdka ^ 
157) and Magnolias the numerous ehliaride ovaries of the 
flower mature into so many follieles ; the fruit is an atamio 
of folHckS. In the Rose the hollow thalamus (fig, 159) 
contains several free carpels each of which matures into 
a small acfaene ; the ** hip ” of the Bose# as the fi*uit is 
called, k an etaorio of achones. 

The Ata (CcBtard apple) and Kona (Bullock's heart) are exampke of 
aggregate fruits in which the separate carpels have so united during 
ripening as to look like a single simple fruit. The numerous free 
carpels in the tlower are densely packed on a slightly raised thalamus ; 
as the cluster grows each carpel matures into a berry, but their tit^s 
cohere more or less to form a continuous protective layer inside which 
lie the separate fleshy pericarps each enclosing a hard beed. 

A better example of an etserio of achenes than the Rose is the 
Chagul-baty {NaraimUa ztyl<mica\ a wild hedge- climber, and the 
garden Clematis. The achenes are here collected on a slightly conical 
stalk, and each has a long taildike feathery persistent stylo (flg. 204.). 

The fruit of the Lotus (flg. 258) is a pecolJKr form of aggregate fruit. 
Here the thalamus is enlarged into a top^shaped body (gynophorc). The 
upper surface of this is like a honey-comb, and in each *‘cell’* a 
carpel is sunk. When ripe the oar pels form bard achenes which rattle 
in thek sockets or cells. ' 

Multiple or collective fruits consist usually of the 
perianth leaves, bracts, as well as the ovaries of several 
flowers, commonly of all the flowers of an inflorescence unit- 
ed into one, and are hence also called infrutescenees (or 
io^uotescences). They are all succulent. 

The ^forosis is a multiple fruit formed from a spike of 
fllkrers#W}g« the Piue-apple# the Jack (Kantal), and the 
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Tbe 4|(«omu ia a moll^lrfe frait im (he t«ehu hf 1^ 

. infloreaoeooe lortiu a d(M«l and h<rilow fleshy mass eiKdiuii^ 
numetoas seed^Khe fruits (aehenes)>~a^.r (he Figi ^e 
Ban^aos. 

The is a scaly spike of email fruits •«£ (he 

axil of' xsee^lmiioos soalesi as in danja {lodiau HfetUp** 
iUmnMs iMett) . 

the PliA-aTOls is developed from a spike ot soitil ota ni.^ 
flowers, wssh la the axil of a red scaly bract. After fertiUsatioa esM 
dower formuft small fruit, bat a great stimuloji m given to the whole 
raehte w'hich gfrow» up into a large fleshy mass with whidh the braets 
lieooiiie itioorp^nU^. The edible portion is this fleshy axis, the * e^es ^ 
being the braots and fraits which are not eaten. The crown i^wres 
at the top of the frnit is a prolongation of the axis of the spike] the 
leaves are sterile bracts. 

The Mnlberiy fruit arises from a spike of female flowers. The peri- 
anths hero become fleshy and enclose the true fruits, the bunch-like 
fruit is formed by the coalescence of these succulent perianths. 

The huge fruit of the Jack likewise arises from a spike of female 
flowers. They are crowded on a long mobis wbiob in the fruit grows up 
like a club. The edible portion of the fruit consists of the stmoalent 
perianths each enclosing a membranous pericarp with its seed and seated 
in the axil of a pulpy bract. The hard spines on the coat of the fruit 
are the persistent stigmas. 

SUMMARY. 

CLASSIFICATION OF FRUITS. 

A. Simpla fruits, formed from the single ovary (mono- or syn- 
carpous) superior or inferior, of a flower. 

1. Dby ^d DUHISCUK^ 

Ifonooarpousi frmn single odrpel— 

Opening by one suture (usually ventral) ... i, FolMe 

Opening by two sutures (ventral and dorsal) ... a Lggumt 
A transvmrsely jointed legume «•« *- 3. Lomm 

Bi-poly-earpous, from 3 or more united carpels — 

Opening longitudinally into % or more valves 4. 

2 valves breaking away from a replnm ... 5. $i^qua 
A short, broad, 4at slliqua 6. 

Opening transveittely into 2 oup^shaped parts 7 Ppds 
ppenlpg irregularly by ^res or holei 8. Boms 
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BMkiDg into l-seeicd oarpels ... ... % Schteocarp 

BtAoh of ttucb oarpeU ... ... ... 10 Mmioarp 

A BOhi^oearp of 2 merioarps ... ... i t. Cnmocarp 

U. Dry And indbhiscbnt, usually 1-cclled, l-seedetl 
Winged fruits ... ... ... 1. Sam&n 

Wingless, with pericarp or wall of fruit 

!thin, and consolidated with seed ... ... 2. Cwyt^sis 

Tain and loose, free from seed ... ... H. Utricle 

Thick and hard, usually free from seed 
Small, superior, monocarpous ... ... 4 Achene 

Small, inferior, dicarpous, often pappose ... .i. Cypseta 

Large achene-like inferior fruit ... ... 6. Mcf 

in. Flbshy or Succulent, indehiscent, often psciidocarps - 
Homogeneous in texture, pulpy or tteshy tliroughout 1. Berry 
Hetwogencous in texture, wall of 2 or .3 separable parts 

Kmlocarp stony, superior stone fruits ... Drupe 

Kndocarp (true pericarp) cartilaginous ... Fame 

Kndocarp, mesocarp, fiesliy; epicarp touglj 4, 

Epicarp and mesocarp a spongy rmd ... 5. Hesperidium « 

B. Aggregate fruits formed from apocarpous ovaries of a single flower, 

each ovai 7 forming a pericarp which may be dry or succulent. 

An aggregation of such perieups is calieii an ... Btmrto 

C. Muhiple, collective, or compcMite fruits, formetl from the ovaries 

and other parts of several flowers. 

They are ripened inflorcacences called ... Infrutescence 

The infrutrscence of Fig and Banyans ... Syconus 

The infrutescence of Pine-apple and Mulberry Torosis 
A dry scaly spike of fruits ... ... StrMe 

QUESTIONS. 

1. What is a fruit, and how would you distinguish between true 
fruits and false fruits ; Illustrate your answer with ezamplps. 

2. Give an account of the various ways in which fruits break up, 
and give a classification of dehiscent fruits f 

3. Give a comparative account of the fruits of Guava, Date, 
Mango, Apple, Fig, Cucumber. 

4. Trace the changes which take place in a flower after pollination. 

5. Describe the following and give examples: achene, follicle, 
samara, pyxis, strobile, schizocarp, pseudocarp, endocarp, sarcooarp, 
lomentnm, 



CHAPTER Xtt. 


THE SEED. 


The direoti result of fertilisation is tliat the oVtlie 
develops into a seed. So long as the fertilised oi^ule groin 
it dram its nonrishment through the plaoenta and reinaiiie 
attached to it by the funiole. When it matures into the seed 
the funiole witherst leaving a soar on the seed^-^the MUm, 
Soon after fertilisation the ovum of the embrycr^ae 
rapidly develops into a minute plant or germ, called the 
tmbrpo. Daring this development a mass of food matter 
is stored in the nueellui of the ovule; this is termed 
the a^urMn, The albumen may be formed outside the 
embryo'sao surrounding the embryo and then it is 
known as the eniosperm ; or it may be formed outside the 
embiyo-sao in the tissue of the nuoellus itself> when it it 
called the perisperm. Seeds with both endosperm and perisperm 
are comparatively few, Lotus. In certain ripe seeds there 
is no albumen, neither endosperm nor perisperm, and such 
seeds are termed tmaUnminous. The two coats of the ovule 
mature into the coats of the seed : the outer, which becomes 
hard, is the testa^ while the inner, which remains soft and 
appUed to the surface of the k^rml of the seed, is the /spmm. 
The corratponding parts of the ovule and the seed are 


f (a) Smbryo^sac 

I (b) NaoelliiB 


'Ovum 

^ Other contents 


Itttsgnments 


I (d) \ llicmpyle 
t(e) Fnnide 


I, Outer 


Xmbiyo 
Bndasperm 
Peiris|)enn 
Teginen 1 

fiesta J 

lfioro]^le 

Fnnim 


J Albumen 
Seed-eoats 


Oatgyowtha on the seed often arise on the testa, 
1. The oHI is a fleshy rutgrowth flops the funiele which grow 
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lik^ n oup mid {orms a covering outside the testa of the seed. 
The edible portion of the Litohee and the Ansphal is an aril 
and not a part of the pericarp which iorms the outer skin 
onlf« The fleshy coats of the seeds of the Lotus* Papaw, 
ai»i the Indian 8oap~nut {Ritha*-*6'^tiidu.^ irifcliahAs) are 
arSs. The familiar lacinated mace of the Nutmeg (Jayphal — 
Mgristiea fragranti) is, however* not an aril ; it originates 
about the mioropylo and then gi*Qws down towards the 
funicle* and is hence a false aril or arillode. 

2. Sometimes small turners or ridges arise on the surface 
of the testa ; these are htrophioles or caruncuUu > e.g. Castor- 
oil seed. 

3. Often kairs arise on the testa. The seeds of Cotton 
and Red silk-cotton are covered all over with hairs. Some- 
times the hairs arise in tufts known as coma^; as in the 
small Hying seeds of Akai.da (fig. 233), Karabi ; such 
seeds are described as comote, 

4. Wing-like appendages are formed on the testa^e.^, 
in Bignonias, Sajina (liforinga). 



Fig. 261. Winged seed of a Bignonia. 


The albumen of seeds is the reserve food^matter stored 
about the embryo to sustain it during and after germination 
till the seedling is - well established on the soil and is 
capdile of absorbing nourishment by its own root» and leaves. 
It may ooarist of (1) starch, (2) oil, (3) proteid, or any other 
form of reserve carbohydrate or nitrogenous matter. 
It is usually the endosperm, rarely the perisperm, and 
in a very few instances is composed of both. Thps, the 
.white edible poition of the Goooenut is ehdoapenn; ia 
Canii4i the aihumen ie peris]^imi } in Lotus and the Pepper 
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the mdd oontoins both en<}o8|>em wd petispam^ ^TUm 
texture of the endosperm (or the albumen) vaiies 
in different cases. In the cereals, such as Wheati lOee* 
Barley, and in all Grasses the endosperm is fminatmiu 
or starchy.^ In Poppy, Castor-oil, Cocoanut, and geumraHy 
in oily seeds the albumen is ciiy. It is hard or kmi/if in ttie 
Betel-^ut, Date and other Palms. Sometimes the iimer 
seed'ooat {Uomtv^ is folded into the endospem, so that in a 
oross*seotion of the seed white aigsag streaks ooiiar^^.p*, 
in Betel-nut, Custard-apple, and the Nutmeg. Such an 
endosperm is termed ruminate. 

* 

In exalbuminous seeds the embryo itself absorbs all 
the food-matter while it is being stored in the embrycreac 
and by the time the seed is ripe the greatly enlargjed 
embryo fills t^e whole cavity within the seed-coats. 
Inside the testa and tegmen there is only a large 
embryo and no trace of the nucellus is left. The embryo 
consists of two large fleshy cotyledons, a radicle, and a small 
plumule. The cotyledons store a large quantity of reserve 
food matter, such as starch, oil, etc., vfhich nourishes the seed- 
ling .during germination. All plants of the Pea (Gram, 
Bean, Pulses, Ground-nut, Tamarind, etc.), Cucumber (Gourd, 
Melon), Ipomceas, and Sunflower (Marigold, Zinnia) families 
have exalbuminous seeds. 

Dispersion of seeitls. — In order to enable seeds to pro- 
pagate the species, the fruit which protects them dunng their 
period of. growth and development mhst either. scatter them 
or be itself scattered. Dehiscent fruits scatter their seeds ; 
indchiscent fmits are often seed-like and scatter themselves. 
This dispersion of seeds and fruits is very necessary, for if, 
otherwisci all the seeds of a plant were to drop down and 
germinate directly below ^e parent plants most of them will 
soon perisk For, in the first place, they will not find sufflcienflt 
air and light, being shaded by the patent ; seeohdly, the soil 
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mmt hmte teen at least parti»Hy lobbed el its nbtriticmk 
thiiigs by tbe parent; thirdly the sNrugfle for extrimeo 
between so many plants, all huddled up in a poor odtl and 
Ydosed atmosphere, would be too keen, Heime plants try to 
scatter their seeds as widely as posmble* Hm agents for^ 
sdch dispersal are (1) water, (2) wind, and (S) animah, 
while in many cases there are (4) medtonical contriTaoces 
for scattenng the seeds. 

!. Dispersal by water. —Some water-plants have float* 
ing arrangements in their fruits and seeds. Thus the 
fruit of Lotus has a spongy torus which floats in water 
and is carried ae’ay by currents when the stalk rots ae^y. 
Eventually it bursts or disintegrates and the tiny seed-like 
fruits (acheues) come out of their sockets. In the Water-lfltes 
(Sbalook) the fruit bursts and discharges a quantity of gummy 
matter which holds the small seeds together and keeps them 
afloat ; the seeds are also provided with a loose coat of aril. 
In plants living on the sea-ooast similar floating devices in 
the fruit are often found. Thus the Coooauut, Betel-nut, 
and other Palms have watertight coats which prevent the 
water reaching the inside, and a very light spongy mesooarp 
which helps the fruit for being carried by river or ooean- 
ourrents ; the fruit may be carried by the sea hundreds of 
miles away. In virgin mid'sea islands the first plant- 
colonisers are those which have such floating devices in their 
fruits and seeds. 

2. Dispersal by winds.— Wings on fruits and seeds 
making them extremely light for being easily blown over 
by wind are a common device. The samaras of Sal, Gaijan 
Madhabi-lota, and the winged seeds of Panil, Sajina, 
T oona ( Vednla), etc., arc instances. Fruits of many capitolss 
ai^ provided with a hairy pappus (figs. 262-3). The 
sai^uls of the pappus remain closed up when there is moir . 
tiiie ib the atmospherei but open out umbrella-fashion when 



lit? 

it k dtr-aod iHiMljr. Sonb f hitts are doaetribad as paira^k 
fnMt ai tiiey float away in tiio air like paraolitites* Haire 
eileii ae tboM on the aeede of Akanda, Cotton, 6ilk*mtton, 
ete>, make &em very light, so that tiiey are oatried 
even by the ^entiest breeze. Flying seeds or maal! 
frake are found 'very commonly in tihe intetios <A 
ferasts where there is little «diai>oe of anytliiiEV beyond 
wind to help the dispersal. The soattoriiv sotfom of ^ 
wind is not tmnfinOd to a forward propagadon onlyi Breh 
in a calm snnny weather fruits and seeds provided wilil 
wings, hairs, and wooly coverings are carried up to a.gtoat 
height by the warm currents ascending irom the hot groufld, 
and thus are placed directly in the path of ittronger breesee 
in the upper strata of the atmosphere. 



rig. S6J!. ' Fig. 263. Fig. 264, 

Fig. 262. Fmita of Ytmonia. Fig. 26.S. Parachute fruita of a Com* 
positaa. Fig. 264. Achenes of Nanmtba with the persiatent plumose 
btyie (only three shown in figure out of a dozen or more). 

3. Dispersal by animals. — Many fruits and seeds are 
provided with hooks, burs or spinw, or similar attwhing 
organs whereby they stick to the bodies of birds md anhni^ 
Such fruits, however, are always smidl, inoonspimioos and 
found amongst bushes or thioketa. For ' instance* tke 
oommbn bedge^ilimber Cbagabbati (li^araiwliir ssplanfea) and 
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the gsrden-olimber (7kma/tn have groups of achenes . at the 
6»d of their stalks> each aohene having a long hairy tail 
which IB really the persistent style. Squirrels and suoh 
other animals running about the place entangle these tailed 
fruits in their body and thus carry them over a great die* 
tatioe«. In meadows and fields tiny grass^fvuits {Choar*kanta» 
Benai Ului Kashi Koosh. etc.) often stick to our clothing 
by means of spines etc. Many aquatic plants produce 
seeds in such large profusion that they form extensive 
floating patches on the water. When ducks and water 
fowls come in search of food* their body, especially the 
webbed foot, is smeared with the sticky seeds which are 
thus carried away from one pond to aimtber. 

It is, however, in the case of fleshy fruits that animals 
play the most-important role. Fleshy fruits are always 
sought when ripe, but are unwholesome or even poisonous 
so long as they arc unripe. The seeds are often too hard 
to be crushed by the teeth (Guava), or have an unpleasant 
taste (Orange). Thus, while animals are invited by the 
soft nutritious pulp, provision is made to protect the seeds. 
Whew the testa is not hard, as in drupes of Mango, Peach, 
etc., there" is a hard atony endocarp for protecting the seed. 
In berries and similar succulent fruits (Guava, Figs, Grapes) 
the number of seeds or seed-like fruits on the plant is very 
large, and this is meant to secure as many favourable chances 
as possible ; some may be cracked or destroyed, but others 
escape destruction. Birds are the most common dissemina- 
tors, for they can reach parts of plants inaccessible to other 
animals. They eat the edible pulp and the minute seeds 
or seed-like fruits adhere to their beaks, and even when 
devoured pass out with the excrement with the testa 
softened and the embryo ready for germi nation ^ As birds 
fly they wipe their beaks on the boughs, and the small 
seeds or fruits find a safe landing ; they defecate too while 
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ilyiDgf aad the iiidigaatible fmita and seade ooming out 
with the dung {all on open land and thus semire the ohoi^ 
cost place for germination. 

i* Dtaperaal by dekiecencA* — \iany fruits burst their 
pericarp often with a sudden jerk and the fmt$ & 

suSoient to scatter the seeds. Sometinies the bursting takes ' 
place with explosive violence and the seeds are ejected as if 
from a catapult, Balsams, (DopatyX Oxalis, (Amrnl), 
Shephalika. The fruit the Dhundui (Lu#a pe^tmdra) when 
ripe breaks away from the stalk, arxl while falling ejects the 
seeds from the open mouth like shots from a pistol. Some- 
times the valves of a oapeule execute movements (Poppy) 
according as the atmosphere is* damp or dry whereby they 
help the dispersion of the minute seeds. In (bry weather the 
valves open out, in damp weather they shut up. Other 
dehiscent fruits have winged (^.y., Saiina, Bignonias) or hairy 
Cotton, Akauda) seeds which are carried away by wind. 

SUMMARY. 

The Seed is the structure ilevelopel from the ovule after fertiliwticn. 

It consists of {a) the embryo, '(6) the endosperm or albomeu, and (c) 
the seed-coats. In some seeds the albumen is not present, hence 
calleil exalbiimmou8 8ee<la, but the embiyo has large fleshy cotyledons. 
The albumen consists mainly of starch, oil, or proteid matters, often 
a raisture of these. The testa or outer coat of the seed may be 
arillate, /.e., with an aril ; hairy, /•..#, covereil with hairs ; oomose, 
f.e., with a tuft of hairs ; or winged. 

Seeds and seed-like fruits (achencs, oypsela, samara, etc.) are 
dispersed by (1) wind, (2) water, (3) birds or other animals and human 
traffic, and (4) by explosive dehiscence of the pericarp. 

1. Seeds dispersed by the Wind arc hairy (Cotton), oomose (Akanda), 
or winged (Bignonias). Small fruits dispersed by the wind are 
samaras (Sal), or pappose cypscUas (Helichrysium, VemCnia). 

2. Seeds dispersed by water often float a spongy aril, or are 
held together by a Jelly-like substance from the fruit (Water-lily). 
Some fruits float In water and are carried away by t>trcaiD8 pr oceap- 
currents, Palma, 
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fiiedA diiperaeci hy birda atiok totbtir b6»kif»tileb ili«y wlfw m 
tbt booglMi ^ tm» (FlgDi Oaant), and may even b0 devoofed wNiWt Ift* 
jaty, to pass oat with the dang and the told ftaid bi the IM’a 
ftomaob aoftens the testa of the seed and makes it easy to the embtyo to 
oma ont dating germination. Some seeds of deehy f rafts are very letter 
Miil even poisonoQS, so they are never eaten (Orange). 

4. Beeiis of some plants saofa as Dopaty, Amra), are jerked out with 
foroo when the fruit hursts., 


QUESTIONS. 

1. What is a seed ? Traoe the changes which take place in the 
ovnle from pollination to the formation of the seed. 

g. Distingnish between albuminoos and exalbuminons seeds. Oive 
a short account of the albumen of seeds. 

8. Examine and describe the following seeds ; — Oastor-oU ; Poppy, 
Oostard-appie, Sunflower^ Pea, Tamarind, Mango, Caonmber, Rioci 
Idustard, Litchee, Jack, Bean. 

4. Give an account of the various ways in which seetis are (iispersed. 
Why are tliey so dispersed ? 



PART II 

INTERNAL MORPHOLOGY 

anatomy of plants 




CHAPTER Xlll 

THE CELL. 


pr 


— n 


A la m$d^ up of extremely minute chambara oallad 
cella (Eosh» <Saii«). They cannot be seen with the agre* 
but a xniorosoope which magnifies small obieota is neceaaa^* 
If we strip off the akin from a young leaf or taka a very 
slice from any part of a plant and see it under the miorceiahpe, 
we observe a structure resembling a honey-oombt made up of 
chambers very much like the chambei's of a boney^mb. 
These are the cells. They are extremely minute bodies being 
actually no bigger than tl\6 hundredth or thousandth part of 
an inch. In some of the lower plants they are so small that 

they appear as mere specks 
or dots even when the 
microscope is mfignifying 
a thousand times. Cells 
mayi in a manneri be 
likened to the bricks of 
a building. Just as a 
a building is made up of 
brioks> so a plant is made 
up of cells, and just as in 
a building the bricks are variously grouped to form different 
structures, such as walls, pillars, arohesTetc, so inis plant the 
cells are variously aggregated to f orm different tissues^ such as 
the hard bony tissue, the soft nutritive tissue, and so on, 
which go to form the different parhi, stem, root, leaf, etc. 
of a plant. Here, of course, the comparison stops, for plants 
are living bodies, so thc^ components, the osfte, are also 
living bodies, thoui^ most ^of them die in course of time 
and then form the peimanent frame-work of a plant. The 



Fig 265. A thin slice of a 
young root, showing the cellular 
biiucture (lOftgniiied 40 times}. 



164 , ELEMENT AEY BOTANY 

eelb of a young growing plant* of any growing organ, ai^ all 
living ; those of the trunk of a tree are mostly dead. 

^very plant begins life as a single oell— the fertilised 
ovum. The ovum is a female cell ; it cannot grow unless 
united with the male cell developed from the pollen-tube. 
After this union, the fertilised ovum rapidly divides and 
forms from itself a number of cells. These also divide and 
grow, and place themselves in different groups so as to form 
the parts of the embryo. Thus the embryo is a multMUnlar 
structure which is gradually developed from a single cell — 
the fertilised ovum. After the embryo is formed it rests 
for a time, its cells He dormant, until awakened to new 
life at the period of germination. P’rom germination on- 
wards the life of the plant is a ceaseless division and multi- 
plication of cells followed by their growth in volume, and 
after maturity, by death. A plant thus consists of myriads 
of cells, some living, some dead. »Somo of the living cells 
eoi 'innously divide and produce new cells, others cany on 
the vanous nutritive processes, such as assimilation, conduc- 
tion, and storage of food matters, while the dead cells merely 
act as protecting organs, such as the bark of a tree, or the 
spines, thorns, prickles, etc., or merely remove the waste or 
i>oisonous matters of a plant. Thus leaves are at first rapidly 
growing because their cells rapidly grow in volume, and then 
• fter preparing food matter in the soft green tissue and 
removing the same to the young buds and other growing paits, 
the cells die, the old leaf withers and then falls away. 

The living substance of a plant is a jelly-like matter, 
called protoplasm* which resides inside a cell. It is like 
a drop of honey in the honey-comb of colls — a colourless, ' 
more or less transparent substance, though often it 
looks turbid or granular owing to ‘ the presence of minute 
particles food-matter. It is this that lives, grows, and 
multiplies, while the wall, called the cell-wall, is a mere 
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Hi 


secration of the pttriSoililaism. In the growing parts ot; a plant 
the cells oontaio a dense protoplasm and a very thin 

oeIPwall; in a grown- 
™ up cell proto- 
plasip is thin hut 
the cell-wall is 
prominent, while in 
an old dead' cell the 
protoplasm is absent 
and the cell-wall 
is very thick. The 
old dead cells of1;he 
bark or wood of a 
plant does not con- 
tain protoplasm but 
female cell, and the 



Fig. 266. SectioiU} fiom the etnbiyo 
(right) and a very young eecclling (left) of 
Mais^e showing the cell- wall and protoplasm 
with its nucleus (magnified 240 timeH). 


only flir or water. The ovum, the 
mflle cell of the pollen-tube, are merely masses of protoplasm 
without cell-wall. The fertilised ovum too is at first 
simply protoplasm, but after fertilisation gradually a cell- wall 
is secreted on the outside, and the walled cell thus foimed 
divides and the daughter-cells again divide and so on ; 
in this wa> the embryo is formed; the cells of the 
ombiyo have all cell-ijvall and protoplasm. Young living 
active cells have both protoplasm and cell-wall, dead 
cells have only cell-wall and no protoplasih, while the 
reproductive cells have no cell-wall but only protoplasm. 
Tbe reproductive cells, the male and female sells, are 
called naked cells, because they have no cell-wall— they are 
naked protoplasts. 

■ The protoplasm may be seen under tha microscope by moanting a 
few threads of the green thread-like algae, often found in ponds and 
ditches, in a drop of water (m a glass elide. The magnifi^ threads 
appear as rows of cylinders or barrels (fig, 267). These are the oells. The 
protoplasm is ineidc the cell-wall, • The wall may be broken by icughly 
tearing the threads and then, the protoplasm comes out as a atroam ot 
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fnothy the poUes-giaias oi fiowtrs ilfi||^good JSM* 

polleii-giaiil Ib a eell containing a dense protoplpfii sonacncM bya 
tfakk Arm 4^11, The grains may be andnced to h^ret by plicing theip) 
in warm aleehol or giyoeHne when the protoplaim pmims oni as a highly 
gmnaiar %iitny matter. The delicate root-hairs or htmoches of th*^ root 
of Pistia fPana, Beug.), Water- hyacinth* or any floating aqiuii!C| may 
also be examined with advantage, 

Pyotoplamna ia a general term applied to tiie living oon* 
tents of gi^eeU. It is usual ly of a slimy semifluid 
although under certain oircumstanoes, as in seeds and sporeB> 
it exists in a dormant state as a dense or tough mass« In 
all iMjtiye cells, however, it opntdns a large percenl^e of 
wi^gi:,jaal.§lso other jmattejng urepoicd to \imlL 

Being the fundamental basis of life the protoplasm has 
to perform all the varied functions of ^aiit-life---iJUtrftioiv 
assimilation, secretion, reproduction, etc. Accoidingly there 
are different fofniB of pi'otoplasm, all differently constituted 
to carry on different tasks. The male plasma developed 
in a pollen-tube is distinguished as f^pifmaioplmntt the 
female of the embryo-sac (ovum) as the (MjpXam^ that of a 
spore ^ifplaim and so on. 

SuuSure of the protoplasm. The. protoplasm of a cell 
is ufeiially differentiated into distinct layers each having a 




H’ig, aet^ : Naked reproductive oeUs swimmihg in water with. film. 
The ^rst t'lmi are naked protopiasts with nnmei mm cilia bn the smfaoc. 
TJie t b ii’dFfigtiro is that of a filamm^tocs alga composed ot a row of 
0 ^^ att^emi^leis a cell the wall of which has. burst and the 
piotoplimmlls eecApiiig as naked twimming cells, 



sTRtrcTOaB: or pbowiiAsm .. m 

distinoi form luid fitneticm. Iti th|B j^produofeiird o^lb 

of \ 0 wft fiioits, tiidre k an antar f&in toi^^otui layaF, the 
ectaiAim, tirhich'is almc^ t^^parant jand o^mjpietely 
invea|b« a h%faly gramilar Inner tha tibe 

main* bo# ibf protoplasm. Imbedded in the endoplaem 
ifl a large, dense, refractive, eplidrieal body termed tJie 

iiuoleoplasm ^>r tlm nucleus. The eefcoplasm is tike a 
thin Ip^ grote^ tim inn er mtt re active 

platma; it alto <dten helps the .ceil. |p n^ye a^ ^ 
throiring oufe^^ w^^^ prpfeetions, termed cUfii Hg^ S^f j 

which l^h in neater and propel the whole bo#. j 
endoplasm ia the actaal nutritive field ; its graMItr 
appearance is due to the presence of very minute drops of 
food^matter (metaplasm) which it partly manufactures and 
paitly assimilates. The fui|^on of the nucleus is to gui# 
the activity of the whole^ss oi plfsma. 

Iti all walled cells (fig. 268) the protoplasm fe, as a 
rule, similarly diflTerentiated into a central spherical highly 
refractive nucleoplasm or nucleus and a gelatinous ground 
substance. This part of the plasma (which ipTOunds 
the nucleus and fills up the celt) » is the <^U~p||sma or 
cytoplasm. The structure of the cytoplasm k granular 
like that of t^e endoplasm, and the functions of the two are 
silmosttho same. But in addition the cytoplasm contains 
imbedeed in it numei^us bigger gmnales, much smaller than 
the nucleus but, like it, highly refractive and dense, which 
under different oircmnstances become p^uliaiTy coloured. 
These are known as th^'pigment’bearers or c}iroxnat6ph#oSr 
It is due to their presence that leaves "^are^lrreen r 
flowers and other organs have all thcM esHiuis^ shades 

tlTrefi jj^pia ry differen tia^ p arts of tlye ytoA ^,oLall 
veg^attve eelle oF ^^tan^ % 

If a thin section from the ^owlnk pert phnt be 
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examiiied , uiKler the high |>uwer of a miorogoope, it will be 
observed that the constituent cells are densely aggregated, 

Fig. 268. Fig. 2611. 



Fig. 268. \ young cell from the growing point of a stem, 
(magnified lOOO times). A, nucieas ; H. nucleolus ; C; cytoplasm ; D, 
cell-wall ; E, chromatin ; F, chromatophores. 

Fig, 269. A g<rowing cell showing I he formation of vacuoles. A, 
nucleus: B, tonoplaim surroundsng C, a vacuole ; D, cell-wall. 

that they have very thin, transparent, almost invisible cell- 
walla, aijd that they are filled with a highly granular 
protoplasmic matter. Jhe nucleus in each cell is large and 
occupies the whole centre (fig. 268. A). The cbromatophprea 
(F) appear as colourleM granules imbedded in'; the cytoplasm 
and lying all about the nucleus. Sections taken a little 
lower down the growing tip of plants show an almost 
similar structure, but the cells here are much larger and 
the cytoplasm instead ot filling up the whole cell-cavity 
develops cavities within itself, as »hown in fig. 269. 
These cavities are called the sap-eavifi^s or vacuoles and 
the liquid which fills them is called the celLsap. As 
the cell grows it absorbs a largs ipiantity of water, its 
oeU-wall greatly distended, and C$^plasm becomes 
swollen e^d forms inside smt^ll cavities fifled wftb water. 
Thus lAe cytoplasm of a grown-up cell is excavated or 
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vikOQcdatod. In rapidly growing eolb all tfae aa^i-earities 
finally coalesce and form a large oentrdl racuole (fig. 270X 
The cytoplasm never recedes from the oell^wsll ; even in very 
old cells which are all but dead, it forms, a thin layer lining 
the inner surface of the cclbwall, and is t^en termed the 
prtmcrd/d utricU, The nucleus lies always embedded in 
the cytoplasm ; in old cells it becomes smaller. In a vacuo- 
lated cell it usually occupies a parietal position in the lining 
layer of the cytoplasm (fig. 270) ; but it may also have a 
central positiout being then suspended in the vacuole by 
strands of cytoplasm running from the nucleus to the outer 
protoplasm, as shown in fig. 271 ; no part of the nusleus 
can be free from cytoplasm. 'K 

In young ceUs the cytoplasm surrounding the nucleus and 
filling the chamber of the cell is uniformly granular ; it does 
not contain any prominent sap-oavities. In grown-upj^Uji, 
especially in the vegetative cells of pkntsT^'tb'e "cyto^^ 
exhibits a further differentiation. The layer which Ijipee 
^he celbwall generally is denser thau the rest, is non- 
granular and hyaline, very much like the ectoplasm of 
naked cells. This layer Is known as the hyuloplaam. 
Under the microscope it appears as a thin watery line 
separating thq inner granular cytoplasm from the cell-wall. 
Another similar layer surrounds the vacuole and thus acts 
like a boundary line separating the contents of the vacuole 
from the outer granular cytoplasm. To this layer the term 
tonoplasm is applied ; distinguished from these and lying 
between them is the middle layer of the cytoplasm which 
is called the polioplasm. 

The meaning of this complex protoplasmic differentiation 
ia this : Ths nqotoat-IiKts mvich ji he » stoiafamMe of 
pUtsm a-oo nstita Mis' * perhaiw also the yt ol Tltal 

it organic centre oMim trlnie plannst 

contrpliin^ and i, hence alwaTi 

“ 1U<») 
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^urrpucide4 the cytoplaem. The i^c^eiilar peirt of Hke 
ojtopieeip^ it the actual laboratory of a cell ; it ie here timt 
the pro^lMPQ prepared ar^ ,aiiw1a1»8 it» The 

graimleer oalM miapiasm ov mkr 0 $&ms, are mostiy mattora 
in a very fine state of division ; they are either the 
QR^ufaotured products of the protoplaam» or are^ lood^ 
e^lMtanoes in the course of being assimilated by it. 

During the complex chemical changes which take place 
in the cytoplasmt food materials are absorbed and assimilat’ 
ed and some waste matters are also formed. The mantt* 
iactured products arc formed rapidly, so rapidly that they 
threaten to clog the cytoplasm unless speedily removed from 
the manufacturing centre. The vacuoh then serves as a 
^ temporary storehouse of these manufactured products, 
chief amongst which are vanous kinds of sugars. The 
vacuole also serves as a storehouse of water, a tank from 
which the cytoplasm may draw supplies ^is required. It 
is necessary therefore to limit the vacuole by a denser 
hyaline layer, the . tanoplasm, .which prevents the cytoplasm 
being mixed up with the vacuolar waste-matters and also 
(^ecicB t$e overflow of the surplus products and water 
stored within it. Consequeiitly the tonoplasm is a layer 
mounting guard over the vacuole and regulatfbg the vacuolar 
pressure ; it has a more or less protective function. The 
hyabplasm, the external lining layer of the cytoplasm, is 
also protective and hence denser, liijprevmits on the one 
ba^pd? too much friction of the delicate panular plasma 
with the ratbet solid cell- wall, and, on the other, allowrtbe 
passive of water and only of those raw food matt^rs^ which 
the protoplasm requires from the outside into the cell. These 
two hyaline layers, the hyalopbsm and the tonoplasm, are 
protective and are hence homogeuemis ajid dense ; they are 
i> 0 t Itranplar because they are not ooncemed with &e task 
of oflaiiadation or prejMiration of sugar or such things, 
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In cotitra^ to teyein tbe gr^muW pUsiiia 

wbidh hu to i^repare aod lassimllato food isiJlod tbe 

That tho graonlar cytoplasm is the most aotifn part k 
evidenced by the constant mbomenf tf ifg parii^ which 
may be observed in most cases. In the swimming naked 
cells mentiofied stove the endoplasm, which eot^esponds 
to the poUoi^asm of walled cells, k constantly changing 
its shape ; a ceaseless streaming of the metaplastn 
granules takes place indicating a" state of Intense 
activity. 

Almost similar movements may be observed in inany 
vegetative cells of higher plants. The protoplasm in these 
cells being wallkl can not, however, move about bodily like' 
the swimming primordiar cells, but the constant change of . 
configuration in the nucleus and the b|gger granules evr 
denoos a similar unstability. In certain instances, moi'eover, 
the movement is veiy rapid ; it looks as if a torrent has 
descended into a river and the muddy water flows along at 
a great velocity. To observe such a streaming mpvement 
take a leaf of the common aquatic Vallmeria spiraHs, and 
got a rather thick longitudinal section ; mount it in water 
and then observe under the microscope. The cells appear 
to have dark gree]] contents and a large central vacuole, 
as shown in fig. 270. The protoplnsm forms.# pari^l layer 
containing innumerable green bodies^ termed chlo ropl asts, 
which more or less mask the true hyaline colourless . bask 
of the cytoplasm. These green bodies, as well as a host 
of minuter granule^, are seen to be moving in a steady and 
I'apid stream in the cytoplasm. On the two gides of this 
stream, lining the cell- wall and the vacnole, there are dear 
watery noo-gratiulai" layers of plasma in which the move- 
ment k not noticeable. These two layers are the byalo^ 
plasm and the tonoplasm respeetiyely. 
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The moTement of the granular plasma in Vallisneria i« known aa 
rotag yp* ; it is common in most aquatic whew t^^^^ 

r^l'giriijui A similar rapid 

mcMihent can be obeerYcd in the hairs of Cucumber and man^ other 
herbaceous plants. The protoplasm ot these hairs does not form n 
strictly parietal layer but has thin plasma- strands going forth fwm 



Vig. 270. notation in cells of Vallisneria- the dark bodies arc 
the moving chlorop^asts ; the arrows indicate the direction of move- 
ment (magnified— 400). 

it, traversing the central vacuole and sometimes foiming networks 
as shown in tig. 269. The movement of the gianulcs is not regular and 
constant in direction, as in the last case, but is inogular. Granular 
currents often run in opposite directions, now uniting, now dividing, 
and give the impression of the movements of vehicular traffic in a 
crowded city. Such a muvei^eiit Js often referivcd tQ. as ctrculatioO) 
the p'.'isma-strunds being supposed to circulate food matter tbrougbont 
t he cell, like the blood ot animals. 

The nucleus is thp mofet impoitant part of the proto- 
p 1S®?5 ’ coritrolHr g centre of all pi otoplasmic acti* 

vities. It takes reproductive functiojus, 

in the formation of ne^vjjeJls froni It is supposed 

to"^contJmilTie ter substance, i.e,, it is through the 

n ucleus that the hereditary characters are supposed jto ,bo 
ti^iVsiSitfed to the successivo generations. Possibly it is 
also tbe storehouse of all those things which are required 
from time to time by the cytoplasm for carrying on its 
various functions. As a rule there is one nucleus in one cell. 

Stmeture of the nucleua: — In external appParanhe the 
nudeus looks like a punctated ball, somewhat like the 



173 


THE NUCLEUS 

surface uf an orange. It U sj^rrouo^^.qa 
clear and dense layer of plasmaju^PM 



Fig. 271. A eingl« ccH from the ekin of an Onion scale (magm> 
fi€d— 1400). C, W, tlie cfll-wall j P, cytoplasm; N, nnelcus; Ni»., 
nuclear membrane ; Ku, nucleolus ; Cb, cbiomatin granules imbedded 
in the network ol linin ; V, vacuole. 

The mass of the nucleus is composed of a gelatinous ground 
substance of colourless threads the substance of which is 
termed the linin. The threads are intertwined and are 
connected to one another so as to form a complicated net- 
work in which lie embedded numerous globular refractive 
bodies called chromatin granules. One or more bigger 

bodieS} the nucleoli {nng„ nucleolus) occur in this network. 
Numerous small cavities also appear ; these are filled with a ^ 
nuclear sap which sometimes circulates throughout the nuclear 
reticulum. The plan of oohstruction of the nucleus is the same 
as that of the protoplasm. The corresponding parts am 

Pkotoplssm ... ... NtrcLEUS 

(a) Hyaloplasm (ect plasm) ... Koclear membiane 

(o) Cytoplasm ... ... liiuin 

(c) Obromatephores ... ... Chromatia 

(d) Nucleus ... ... ... : Nucleolus 

(e) Vacuoles ... Nuclear sap-cavities 

(f) Cell-sap ... " Nuolear sap 


m BLBMKNTAKT Wtkm * 

^^tuMsmalephom ai*9 tbe ^gment^beni^ra 

bMkqii»6 ikej ^evAop^igm^m^ jfjtbiti tliejr body «iid 
80 become coloured, to mry young eeile» wbere tbe^ ^ 
loQftod prinoipidly round tbe firat Appear m 

emidli round or oval, colourless bcM|iee. The^^tdgmente are 
developed later on in a well-grown cell under the inflt^|enoe 
of aitftnd light. They are usually temed the plant^pla^ds, 
and according to the coionr are of three kinds ; chbraph^ 
(green), dmmw^sts (rei yellow, or of aome other"* colour), 
and ykeopidsts white). . ^ 

(1) The chhrciplasis^ Mmpla 0 tid$ are the gi>een 
ebrosnatoi^ores found in the green ^rts of plants 4tp , green 
stems and leaves. They consist sssentislly d a colourless 
plasma within which are developed drops of oHy matter 
canlaining several pigments, d which ^a green jdgmdnt, 
hnown as 4iitofeph^l, is the most important. The oily drops 
^ atse known as grana ; they decompose and beOome yolto# 
in stiong suirlight, also in old cells of withering organs* 

Tke chlorcpiasts by virtu > of tbeu green colouring mattei can 
abaet^b a portion of^aSfiJight falling on the gieen leaves and stems, andj 
wlnikllie help of ibep^rgy thus deiived fiom solar radiation, prepare 
organic aub^ancea, ancli as sugar and staiob, out of thevaw mau rials 
prfsenii m a green cell* They aic the most impouant assimllatoiy 
Qrgsns of the plant , withov*^ them plants can not assimilate the raw 
matins absoibed fiom the soil and air. The i^ecp colouring matter 
(cbkMOpbyll) IS foimrd only in ligUt^, sc chat a plant*^ kept In the dark 
MH)n die®. The chl«|^|p|yll can be easily extracted by alcohol by seak* 
^ l»g 'green leaves m the liquid. 

♦.^*£3) chmmpta^s or chromoploBttds occur in coloured 
parts of plants, such as the floral %ave6, the skins of fruits, 
reddish sMtip of certain roots ((Jl^rrot) and underground 
* stmois, etc.^ They are coloured chromatophores, the usujJ 
shades pf colour being ye%w, red and orange. In shape 
fJtey resemb^ tiie ^Tanules of ohloroplasts but are usuidly 
sihgBei;;'; sometime^ tb®ir ^igip^nts occur in crystalline masses 
anl^^j^l^ves tbem^ ciystiil}jne api>earance. 
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(S) Tbe Unuf^lasts or fevoivictslidl* ooloaiioMi tktmfc, 
ioflbiBittm i^ad io o|dla io tiw iai«|idr of fibotn whoi« U|lii^ 
oan M oonokMifeo. iW are\pd^M^ dboadbot in tii« mmih 
gnmnd porta of planti^ 0 . 9 . rooth W nadoiKtwuid Hmmi, 
in tb« i^rkff (ff^trisl atens. 7hep aro ^ModoiWlId 
into green IshlorOplaats irhen such ^erte are exiMMtd to 
light t e. 0 . tubets of the Potato plant turn green vhei) tiiep 
become exposed to the air. Lmuioil^ts a«»,spj|iileUp' 
eonoerned. vft^ the production of* starctrgnuns $ heoee hbtgr , 
are Tcnown as tfag^feahfsrA 

Ue the stnueture dl protogplamn ai)d,4il» 

hucleoB titt following method may be follow^ Take 
the inner i|idMte.,|ieshy seales of the Onion bulb, and peel<el(‘^ 
its shin by eimp{| folding it into two and sharply dnMing cute 
pieoe aga^i^t the othhr. The ^n white skin thus obtaliud 
is at once put into aleofaol and out into stnalb^^isoBii, Hif 
aloohol ‘ fiifM ’ the protoplasm, that is, kids it irfUmat deg^ 
troying its strneture. (^iie pieoe' is then waidied in #alier 
and mounted in a drop of Iodine soltrtion on a |teee of ^ass 
slip. Under the mioroscope the seotion1|flmtrt to be am^, 
up of innumerable reotangular ohambdn' or cells. 
central portion of each cell has a large deep yeUoer nueissu 
within which the dark dots of chromatin are apparent (sUe 
fig. 27 1 ), The nuelsoli will be iound to be^ most deeply 
stained and looliS! like circular biota. IKm eytoplssm is of a 
light yellow polour and forms Ihin stri^^ stretohing from 
the nucleus in the centre to the layer lining the eslbsm^ 
The nucleus is thus suepended in the oentre of theu# 
cavity by oytoplasmio strands, as shown in SSft* 
other piaoe is kept in ElSsin solntion for a tUftffhNttU^ then 
thoroughly Wftshed in water and mounted in a d^NOp of 
glycerine. The nnoleus is deep 1^, the Qyipiiiiun% Je rase* 
red. while tiie nuoieoli and the ehnmsadn Ib^ ^elMaiist 
dots. Another piece may be ^plaoed ig U atfxtnre of eglpj 



176 ELEMENTARY BOTANY 

parts of a I per eent. solutioo of Iodine green and 1 per cent, 
floitttion of Fucfasin in water, lor one or two minutee ; tben 
washed very thoroughly in water and alcohol, and finally 
mounted in glycerine. The cell contents show a very 
beautiful differential staining. The cytoplasm is rose red, 
its strings are pink, the nucleus is green, while the nucleolus 
is dark green or almost bhmk. 

Instead of the scales of onion, the young white roots of 
such floating aquatics as Pistia and the Water-hyacinth may 
be taken. The nucleus is clear and large in very young 
organs, and when such organs are transparent they are ex* 
oellent materials for observation. 


SUMMARY. 

Proioplatm is iha living eubetance of a plant. When active it is 
ooloai:l<*88, almoBt tianeparont, and somewhat viscid in consistence. It 
exists in various forms, but the protoplasm of an ordinary vegeta- 
tive cell is usually differentiated into : — 

1. CytopUBin, the ground-substance of the cell-plasma, includes 

(a) Hyc^plasm—tha outer hyaline layer of plasma in contact 

with cell-wall. 

(b) Fblioplasm— the inner granular plasma, the granules 

plasm being suspended in a clear plasms. 

(c) Tonoplasm—the thin hyaline layer surrounding vacuoles. 

2. Chrotnatopiiorea— the pigment-bearers. They ||^y bet- 

la) Chbropiasts or green : found in green j^rts of plants. 

(b) Chivmoplasts or coloured red, yellow or orange : found in 

petals etc. 

(c) Liucoplasts or white : found in underground parts, and in 

the interior of stem. 

3 Nucleus— the most refractive and the densest part of the 
pthtoplasm, consisting of ; — 

(a) Linb-^the hyaline fibres forming a net-work. 

(b) Chrvmatdt— the gmnules imbedded in the linin network, 

. ; (0) organic centre of the nucleus, 



nt 

It jEeititittd otam. 

At tilt tfeait tiilt It a tlmpte fisMt of pifim witlmi oelKwaU, nsut 
oontitts at « thin outer hjtliote li^ the central 

nacleiit, and the^nalar bate called the Sk^lasm. Oradaally a call* 
wall It aeoreted on the oattlde, The cell thi^ dittiet many timet 
and cventimlly a mnitioeUttlar embryo U fotnied. 

Bvery o^l of the embryo oontaina a thin oelUwall and aMlente pro- 
toplatob As the otllt grow they develop intIde small ehambert oalled 
S0P «anft£r^ oontaining a liquid called C^tl-sap^ In lai^ np 

r oellt the piotoplatm forms a layer lining the ceU>#all and the sap- 
cavities all unite to form a large central chamber called the . 

Further on^ in a grown up tree, many celU lose their protoplatm and so 
become dead ; theee dead oells consist only of the cell- wall and contain 
sometimes certain other matters deposih^d by the protoplasm . 

Young and active protoplasm shows a peculiar movement o( ih» 
particles. The naked cells of Algae and Fungi rapidly move about Hke 
fish in water. In the walled oells of higher plants, the protoplasm 
shows running streams or currents in it. This movement (called 
cyelosis) is called, (1) foiatkm when there is a big vacuole and the stream 
goes round it parallel to the cell-wall, or (2) Ciradatim when there 
are orosa-currents running throagh the vacuole as well. 


QUESTIONS. 

1. Dmribe typical vegetative ceil, illustrating your answer 
with a diagram. In what respects does a young cell differ from a 
very old one ? 

% What is protoplasm ? Where is it found in plants and what are 
its functions f 

3, Give in account of the living contents of r„a cell, and the parts 
they play In tim life of a plant. 

4. Describe the following with reference to their (A) foruis and 
(B) function : tonoplasm, metaplasm, cilia, cytoplasm, polioplasm, 
nnolens. 

6. What are plant^plastMs ? ,a>’a they found and what arc 

their functions f 

3; Describe some praotiml methods for observing the structure of 
protoplasm. 

7. What is rotation of pf<aoplasm 1 Describe an e^rhnent yog 

may have performed to observe this phen<^eno|i, "" 

12 



CHAPTER XIV. 

THE CELL-WALL. 

Its growth.— The cell* wall is a secretion ot the proto- 
plasm. It appears at first as a very thin skin which is 
permeable to water and extensible like a bladder. As the 
cell grows the vacuolar pressure more and more distends the 
delicate wall, but it is prevented from being ruptured by the 
juldition of new particles of cell-wall substance secreted by 
the protoplasm. The superficial growth of the cell which 
thus takes place is due to the introduction of fresh particles 
from the protoplasm into the original thin membrane. This 
growth by intussusception, as it is called, appears to go on 
so long as the cell grows in volume, Along with this, thin 
layers of coll- wall substance are also deposited on the 
original thin membrane. This is called growth by appo&ittGn, 
So that growth in surface of the cell-wall goes on : (1) by 
the introduction of particles, and (2) by the deposition of 
layers of cell-wall substance. But when the cell has attained 
its maximum size, and no further growth in volume takes 
place, layer after layer of the cell-wall substance is deposited 
on the origirral membrane. This is called growth by mper- 
position^ In this way the cell-wall becomes thickened. Thick- 
ened cell-walls when examined under the microscope always 
exhibit a stratified appearance. The stratification (fig. 272) 
is due to the deposition of successive thickening layers ; 
thicker denser layers alteimate with thinner less dense ones. 

Its stnictuYe. — Very young cells have a scarcely percepti- 
ble wall ; it appears as a very thin, almost transparent, line 
limiting the protoplasm of one cell from that of a neigh- 
booring cell. lu mature cells the wall is commonly thickened, 
excessively so in certain thick-walled cells. In such. a cell 
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tAree diktinet Uyera may often l>9 distliiguiBlied in the oeU- 
wall. The original membrane upon vhieh the eucoewive 
depositions take plaoe is the outermost.— it is the primarf 
layer ; the iertiarp layer is that which faces the cavity of the 
cell, while the Mcondarn layer lies between the two ; the 
secondary layer is the most prominent and be^mes variously 
modified sod impregnated to give rise to cells of peouHar 
importance. 



ISti aUticAlions in i htr 
thickened cei!-wa)!. 

Thickened cell-wall show- 
ing the primary, secon- 
dary, and tertiary 
layers with pitB. 


Fig, 272. Dead thick- walled cells from the outer bkm of a plant. 

The growth of the cell- wall is rarely urn’fonn. This is 
especially the case in thickened cells. In them the secon- 
dary and tertiary layers are seldom applied all over the 
whole surface of the original membrane. For , during the 
thickening process the protoplasm takea care not to imprison 
itself within a thick wall, not to shut itself off completely 
from the outside whence supplies of food matter are coming. 
It usually leaves, from the very beginning, little spaces on 
the original cell-wall upon which the thickening layers are 
not applied ; the spaces thus left vacant may in time rupture 
and form a narrow passage through which the protoplasm 
may escape, or the thin original membrane might allow 
the diffusion of water through it carrying food matters to 
the protoplasm. These spaces or small window-like spores 
are ter^r ed pits ; they may be compaved in a way to the 
cabin port-holes of a ship. Cells provided with pits ai*e 
termed pif/cd-ctfWs (fig. 27 2). 
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Hts are tbe nnifaiokeiied areas of tbe odi'ieall Aroiotfa 
whkh tibe protoflasin and o^er eontents of adjoining cefls 


/* 



Fig. 273. D iagramfi rfprcBenting boidercd pits. F, a ihickfue<i 
cell-wall common to two cells with two boTdercd-pits on two sides. W, 
the primary membrane left bare. D, tbe circles represent the inner and 
outer openings of the pits. C, shows the formation of the border. 

* 

comtnunioate. * The pits in adjoining ceHs coincide and are 
separated by th e thin primary clmng'ntembrane common to 
the two cells. In young cells this membrane has minute 
perforations through which fine threads of protoplasm (called 
plasmodesrna) pass. In this way the protoplasm of one ceft 
is in direct communication with that of another. 

Simple pits are mere canals which penetrate the thiok' 
ening layers of cell ; they are circular or elliptical in outline. 
A special kind of pitSi called bordered pitSi is formed on^ 
certain long water-conducting chills (fig. 276-B). They are 
so called because the thickening layers are arched over the 
unthickened area of the primary membrane> so that the 
opening become s contracted towards the interior of the cell. 
Seen from the surface a bordered pit appears as two concern 
trie rings. The smaller inner ring represents the narrow 
opening of the pit facing the cell cavity, the larger outer 
ftetresponding to the margin of tJie primary upthiek* 


KINDS OFi^ES ISt 

ened o«B*inil (mb 8g. S73). In •ettoin toig BonduEtlng edb 
imple pito Brno in gush large nnaabera tiiat tite arA oltiie 

^’Hie ee p He are known a« aieve-pita ; t he ydl on yhinh they 
j® th e ceflg heifeyrwn .whM.QMffl 

eat ^igh iatercoTOmunioation ioira n i ^e^^£iSte (iig. S75). 
The protoplaeiaic oontents of aieve-tubea paae from ope cell 
to another through these sieve-pite. 




Fig. 274. Au annular Fig. 276. A Bieve-tuhf (to tlic right) 

vceaCi, a, F, the thick< nrd showing the sieve- plate with sieTe* 
rings. pits in the tiansversc membrane. 

In oertain long dead cells (fig. 27 6« G, E), the thicken* 
ing layers are localised at oeiliain parts only and leave wide 
gaps between them | the intervals ai'e thin membranes. 
This happens because a great elongation of the cell takes 
place subsequent to the deposition of the secotu&ry and 
tertiary layers, so that the unthickened parts are fully 
stretched out. The thickened layers are sometimes in the 
form of spiral bands, sometimes like closed rings (fig, 274), 
not mmften in paralldi broken ridges l%ethe rungs of a ladder 
(fig, 2H, E), or fonning n#*W0Tks« The cells in whj6h such 
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thiokeniiigg occur are usually arranged iu rows or chains, the 
separating walls of which are thin and eventually vanish or 
break down, leaving a continudus passage through them. 
Such structures are termed vessels, and according to the 
peculiar form of thickening layers, there are xpiral, annular, 
scaiarifartn (ladder^like) and reticulate (net- work) vessels. 

The cell* wall substance. Soft* walled living cells have 
their cell-walls made up of a substance called cellulose. The 
original thin membrane of a very young cell, however, contains 
but little of cellulose and is rich in pecto&t ; but during the 
growth of a cell it is chiefly cellulose which is added to the 
cell-membrane. Cellulose is a substance allied to 8tai*ch and 
sugar and is represented by the formuU (Co HioOs)!) ; 
it forms the bulk of the cell" wall substance in all living cells. 

In other cells the cell- wall often receives certain* ‘foreign 
spatters in addition to the cellulose, or the cellulose itself is 
transformed. The most important of these substance are (a) 
Hgnifi, (h)cutin, and (r) suherin. It is the secondary thicken- 
ing layer which is more affected by these substances than the 
primary or the tertiary layers. In the spiral and other vessels 
mentioned above the thickening layers are ir^regnated with 
ligrjin ; likewise in all bard dead cells which form the wood of 
plants. Such colls are termed lignifigd cells, Suberised cells, or 
those having their cell-walls charged with suberiri, are found 
in the bark or skin of plants. Suberisation also occurs on the 
walls of pollen-grains. Cutinised cells, or those having 
their cell-walls impregnated with outin, occur in the skin of 
most leaves. ‘ 

A cell with a c ellul ose wall is pervious to water : the 
water^and is collapsible, bignifi- 
. ^arck A lignified cell-wall does 
not swell with water but allows the passage of water through 
its substance. Signified colls are always dead cellj ; they 
merely servo to give rigidity to the plant, or act as pipes for 
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transporting water. Saberis atioB or o ^ni^ioii nakes 
the oell'wall . i^peryioas to water . It takes plaoe 

in those cells which are destinid to act as protective skins. 

In a few cases the cell-wall is impregaatetl with sand or gilioa or 
other inorganic miiicral matter. It then bfMsomes very hard and brittle. 
Such Bilicihed oell^walls occur in the skine of many bamboo and 
grass leaves. 

The cell-walU of H'angi are not of cellaloae but consist of a sub- 
Btancr, termed chitio, which is alii‘)d to suberin and shares some of 
its important characters. 

In certain cells the cellalose is converted into a sulitance 
of a gummy nature, termed gummose, which swells and 
ultimately dissolves in water, —kgf, the testa of the seeds 
of Flax and Linseed. The cell-wall when dry is hard and 
horny, but absorbs water strongly to form a mucilage ; hence 
such cell- walls are said to be mucilaginous. 

Forms of cells. — Reproductive cells, as well as all iso- 
lated masses of protoplasm, are commonly spherical* oval, 
or more or less isodiametrical — ^.< 7 ., pollen-grains, spores 
of Ferns, the swimming naked spores of Algae and Fungi, 
w 2. Young colls of growing points are usually like square 
or reotangular^ boxes ; sometimes they are cylindrical, 
polygonal, or of similar form. 

1“ some aquatics there are soft thiirwalled star- 
shaped of j^tellate cells. They have cellulose walls and may 
contain either protoplasm or mucilaginous waste matters. 

Ly4. Collenchymatous cells form the collenohyma tissue 
which often occur just below the outer skin of soft herba- 
ceous or rapidly growing stems of plants. They are living 
nutritive cells and contain protoplasmic matter, but have 
greatly thickened walls of cellulose, and are hence capable of 
considerable stretching. 

V-^ 6. In the hard shells and stones of fruits and seei|i 
there commonly occur many cells of peculiar shapes, ^lUe 
like a star, some like a dumb-bell, and ro forth, which serve 
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maobamoal {uaefeions. They are termed aclero^ nr 
sclmroide. They hare very ^roog, thieki H^ified and liatd 
MTalte. They de not contain any living matter and are hence 
dead celb. 



Fig. 276. Typical proficnchymatoua cella. A, a soleTenchyma 
fibre. a tmcbeid with bordered pits. a yaBilorm tracbeid 
with spiral tbiokeninge, n, a latex cell, a, a scalarUorm traclield 
with l^der-like thiclunings. 

6* Sclmws^ etU s are ye iy long, narrow, jp ointad, 
fibrejLilsa^b (fig. ^76-^ witfi a yerx M^k wStSh 
ofton lignified and hence baitl» and have no living contents. 
IR iey ar e de^ jwlfajftcd-aonrtytote i/he etrengtliMiiiK jteae.' 

. £ »ctorwt cM»a tiwoe. of TtueTfibree q{ Jaie 


vmm 'ot res 

and 4^ iiin ehoir of Jpalmi, 

ma^> ai!0 aeleteiidijrma* *^j^r ends airo dr%«rn oiit into 
long narrow ik^^ bo that ia liBiiaie which 
they are ^raily Jntarloeked as ahown in, &g* 995* Hence 
the long strings of fibres whteh ve offon get tktm plants 
rich in edercinll^yma are so etncng that they can be twhited 
into cordage or ropes. 

7. are elongated^ thick‘iii^|^ a^ 

cells comparafciv^iy broader th^ They are <lesjd. 

™!^tter» bat are of great impothj^^ 
tolihe l^ant for they conduct wate r* ConseqLt^i^ they^ ^ 
afe^^ften more or tesilfoir oFwa^ esjpeci^|ly in the young 
woodri^r^fi 5f W of which &ey form Ifuportaiit jdoos- 
titueiSte* TSe^^ har the presence 

of bordcred'ptts and other forms of thiokeniiigi such as 
a nnular^ jtpiral. and rs/ibafale^ on their walk ^g. 976B)* 
Mj ^be difference between tracheida and sclery ohyma fibres 
is this: traoheida are water yrriers, sclereiic¥yi^ fibres 
are only ^ei^heniag Ihst^^ or cavity of " a 

scTeren^ym^^ Iffiiro'Tr extremely ofirtwheid^ 

is much wider. Traoheids contain w«4er» imlerj^hyma iib^ 
can rorefy ' fiave anything as cclhcihilinte exoept air. The 
solerenchyina fibres are more or less solid and the thickening 
in tEeir gi^a% thicker^ waU is almost uiuform and 
unifiterrap^» while in tracheids the wall is never wiformly 
thjoken^^ but (mnteins^^mero^ whfeh..,nmy 

be sitap ^ei e longetedi or bordered, or spw^ tfamkemn 
layem. Sometfmee vity narrow diagcmal pits are formed 
onihe waUs of the solerenchyma. while in some very 
long and wide traoheids, termed tsmeiicd^ 

' 0g. 2790), scalar, spiral relieaUmi> hr sdl&ihHform 
,J&i^kening layers ere formed (see p;* 19^)^ la emitei)^ 

■' t o these, n^w 

f rholieide* Tie valiform fye#^' 'lie reel ^’'wiifer^’ 

/ n(^ . ■ , ' 
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cfirriers ; the fibrous tr^heitis are so narrow thatr they 
can not carry water, so they are very much like the 
solerenohyma fibres and serve merely to strengthen pr harden 
the wider traoheida. They* however, differ from the 
sclerenohyma fibres in certain respects : they are not bo long 
as the fibres, and have blunt and not pointed or drawn 
out owdfl. 


1 

I 

!^A 

i 

J 

1 

1 

yn 


j 

Fig. 977, Part of transvefso section of a Potato tuber. 

A, Dead Buberiswl cork cells forming the outer brown skin. 

B. Inner parenchymatous cells containing Starch grains. 

8. cells or milk-:c^ls are soft, ^hin-walj^ed, greatly 

elongated cells which contain a mil^^or ^toiT sap, galled 
T hey are oomiupniY nmch-branohed (fig. 276 !>), 
the thin branches ramifying in many directions within the 
?lant. They contain a thin layer , of .protoplMm Unin|^ 
their cellulose wall and an ^ulaipn of varipus pily/ j^ummy, 
or rciS^s matter forming the peouHar ‘milk' or They 

whichi eiude a i^ky juice when cat^f.y. 

Slfo’ """ ^ 

jeU fi are rectangular or brick'^shaped dead 
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oella (fig. 277 A)f which do cofltiin to;^hing «a vC a in 
Their walU ere strongly suberiaed and hence they^re ^tally 
imperviom to water. Th®y oconr on the surface of grown 
upl^^ of |3ai^V old ^ 

yfillow or brown slciti. TBeif^Jlnpcrw^^ 
forms a very safe protective layer which prevent the krner 
t^ts Irom losing water and drying up, or cpimn| in contact 
with moisture and "rotting. And, further, as the cells 
contain only air, tEey form also a good non-'ConductiOg 
layer protecting thiTpIant from tod great heat and cold. 

10. Wood c$lls are box'shaped, thick- walled, dead, 
lignified cells which occur along with the tracheids in the 
wood of plants. They usually contain starch and help 
the tracheids in the conduction of water. 

The various forms of cells given above are merely special 
forms of two main classes. These are : — 

1. Parenchymatous cells which are thitr walled soft 
cells forming the tissues of plants. They are of various 
forms and may be living or dead, nutritive, piotective, 
or secretory, and usually contain various cell-contents. 
Ordinarily, the portion of a plant which can be easily crushed ^ 
out, say, with „the pressure of the fingers, is parenchyma ; 
such as the soft portion of the stem, root, leaf, flowers, fruits 
etc. * They are distinguished from 

2. Proscnchymatous cells which arc elongated cells 
forming the bulk of the fibrous or woody tissues of plants. 
They may be thick* walled or thin- walled, may be lignified 
or not, and may or may not contain any living matter 
(figs. 274—276). 

Cells exhibit the greatest diversity in form add hence it 
Is not possible to classify them strictly from this stand-point. 
The several forms given above are not quite well defined, some 
coming under the description of parenchyma, some under 
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|H;<M«adqipift> . f^eed the tem«- i^f«o above are 
eioi JrefaiWHe to tiwaea, for» aa a atimlar o^lb *r»- aCBW 

gpbtd to lorm a tiasae. ^ T3»e oella df ooU«adi!i|iBa> wood. Md 
pork acp {oadamentally paiaae^^biatow i likopriae idle ot^ate 
o«Ub. Sinilaiiy ixaioheide, Iddx odli, and tiiepe of edbrao' 
diyiBa are typically proseooBynatona- See Cbapter XVI. . 


• Colour xeadloiw of tbe cell>wall 

Teds for the celhwalL — Cellaloae ia comiooiily recognar 
ed fay the teat that it givea a blue colour when treated with 
Sulphuric acid followed by Iodine solution. To obaerve thia, 
take cotton fibres or thin sections of the Date seed. Betel* 
nut. or of die endosperm of the seed of Cucumber, Gourd, 
Melon, Custard-apple, etc., with a rapor. Put a few drops 
of Sulphuric acid slightly diluted with water on several 
sections, and after a minute or so, mount them in Iodine 
solution on a glass slide and cover the preparation with 
a ooverglass. Under the microscope, and oven with the 
naked eye, the sectionsiook a beautiful Uue. Seen carefully, 
the cell-walls, when thick (as in Date-seed, Betel-out, 
Custard-apple seed), show up the stratified blue layers 
alternati&g with whiter ones. The Sulphuric add causes the 
cellulose walls to s^ell, and if sections are left long io tiie 
acid, -they gradually dissolve. Ilie blue layers which alter- 
nate with the whiter ones are those that are rich' in odluldse 
matter ; when greatly swolldi, howevpi^ the cell-wall becomes 
uniformly blue and the strarifiad appeanmce is lost. Treated 
with Iodine solution alone, the stratifioation cannot be seen, 
for the la;ferB which are i^wss^ into a solid mass do not 
swell ; the cell-sVall is fjuntly yellow, if aiall. 

The blue colour with Iodine is the diaxaoteristie tort of 
Starphi ‘What happens when odlulose is treated with 
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*■■’ ' , ‘ 

k' tkit ]|sb»^' eiUaiqfM Jiito * 

iMlMtiinee y^d«t«d to ftotob* «nd^l|ik«z||l|i«to tJwUcw^o^^ 
irito Iodine. If the seetiooe be kept fuff » 1 oih| tine in IlNi 
•oid toe tolbdow’k fin4b^ tootoitod toto wbMi f^rea 
00 «to>ur wito Iodise. Beoeo in fanto^iiiig tbe ioM "w 
iperiment eore ^oold b# token to «ee too eei^to ore 
not left too lo^ in ^Ipfaotio ac^ or toto iadd a oto 
too etn^. ' ’ 

Aootoor teat Jui that wito'Cbk>roanie>iiMli^ Itoe Ori^peo* 
diz). Cdlaloae tokea s videt or bluiah obloar. To. obtoroo 
tofa. aeotibaa are aitoply mounted in toe reagent oral ezami^ 
under toe Microaoope. . 

A third la that it grodndly diaacdrea In a strong Aniino- 
niacal solution of Copper hy^wdde (aee appendiz). To aee 
thisi take a few cotton fibres in a watch (doaa and pour 
enough of the reagent to cover, it ; obsenre from time to 
time that the fibres break up one by one and finally 
dis.ippear. 

Tbe teat for a lignified wall is that with (a) Iodine or (h) 
Aniline sulphate solution, it takes a golden yellow colour, and 
with (c) ChlorO'zinc-ibdinr, it becomes deep yellow or even* 
brown. In Sulphuric aeid the wall swells and then gradually 
dissdvea. With an acid solution of PhloroglucinJt becenneB 
deep red. To itoserve these reactions sections may be taken 
ftpm a match !g)ick. the cells of which are all lignified, or 
from the woody portion of any plant. 

The teat (or a eubensed or cutiniaed wall is that with 
(a) Iodine, (() Chloro*aino*iodine, or (e) Potash aolutibn, 
it ttoes 9 deep yellow odour ; (d) in Sulpbnrk> acid it ia 
not di/ssdmi. Gntinised or auberked vtolb resist toe actorn 
of apide very strongly, so thto wbib stnung Sulitottrio aeid 
will readily diasolve odiuloae mid even lii^fied walls, it 
aritt iMt efibiet a euberiaed or tototowd membranee. .Fi» 
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rettffiijons «eotioriB from the oommoii botd6-<!iork or 
bark of ft treo may be taken. 

For comparison,, thin cross-seohons of a hard atom, such as 
ibfti; of the Goaya tree, may be mounted in : (a) Iodine solu* 
tion, when only the outer cells (suberised) of the skin, and 
the inner lignified cells are turn^ yellow ; (6) Chloro-iinc- 
iodine, when the suberised walls are brown, lignified cells 
are yellow, while those with cellulose walls become violet or 
pink ; <c) Aniline chloride solution, when only the lignified 
cells are yellow ; and (d) acid Phloroglucin solution, when 
only the lignified cells are red. 

. Mucilaginous oelbwalls are easily known from their 
swelling greatly and forming a mucilage with water ; they 
do not give any reaction with the above reagents. 


SUMMARY. 


The cell-wall is a secretion of the protoplasm. At first it is extre- 
mely thin. Gradoally it gro^ivs and dcTelops as it continuously receives 
matter to be added to its substance from the protoplasm. As it is 
greatly extensible, this matter is not only applied to its surface by '"tjtie 
protoplasm but fine particles are also inserted into the cel I- wall by the 
great pressure of the vaouolc. Thus a young nell-wall grows both by 
€ipposithn (as the former method is called) and by kmssusctpUon 
(the latter method). A grown up Cell, however, is often thichened by 
the superposition of layer after layer of cell-wall substance apoft it ; 
this is growth by 6Uper|)osition. Hence a thickened cell shows siratffkaiion 
in its wall . * 

During the thickening of the cell-wall small spots remain nnthickened 
and these form in the thickened cell fine pores called Cells with 
nttmeroas fdhl on its surface are called pitted cells, Pits are of variotts 



summaky in 

formflybnt the moit Impartant are (1) ^ fomed lit the 

wall <4 certain tubes call^ Siere^ubes, and (t) fo'W 

la oortata water^condacting cells called trahMda In tbick-walM 
cells pits are^lmpcrtant for thi^ are the openings tliToai^ which the 
protoplasm receives food from the outside and also through which it 
may escape when necessary . ^ 

The sahfitaace of the oell*wall is mainly cef&dbsci This i| a 
substance which h allied to, and can be easily converted into, starch. 
In a young cell, the wall is at first poor in cellulose but as the eell-wmll 
grows more and more oelluloie matter is added to it» Certain ceUsi 
however, have certain other matters in thehr oelt^walls sueh as 
lignin, suberin, catin etc, and such cells are called respeetlvely 
suMsmif cutMssd, and so on. Ceils with cell- walls of 
different composition behave differently. Thus cellulose walls abAwb 
and swell in water, cutinised walls are impervious to water, and ligni* * 
fled walls transmit water but do not swell. Cellulose walls ar6 soft 
and pliable, catinised walla are tough and resistent, while ligniffed 
wails are hard and brittle. Suberised and lignified cells are asa rule 
dead cells ; living cells have as a rule oelialose walls. 

Cells are of various forms. Those that are formed singly, such as 
spores and pollen-grains, are spherical. Very young cells, like those 
that form the growing tips of roots, buds and branches, are cubical 
or cylindrical. In the mature parts of plants the cells grow up into 
many special forms. The main types are two : <1) elongated or 
Frosencf^matQUS cells and (2) iso-diametrioal or cells. 


QUESTIONS 

1. What is the cell-wall 7 How is it lormeil and how dees it grow ? 

2 . Explain how stratification arises in the cell- wall. Is it fcuntl in 
all cells 7 

3 What are pits and how do they arise 7 

4. Describe the various forms of Pits formed in cells. 

5. What are boiilered pits. Explain with the help of diagrams how 

Of what special signidcance are they to the plant 7 



- TmMd, Sleve-tiibeB, lAtes oell^ Hiei^ 

pUitei Qip^l Stellate cells and aork oelle« 

t Sxplain the ixunpositi^^ ^ ^ 

k, BlitiDgaish between : (a) Lfgni^M, (bjf Cayakied, fe) Sabel^ 
«d« ^uid (d) Mncilagii^tte cells. » ^ 

9, Hi>^ weald yoa piacticallj Identify the aboee under the 
Microeccjpe? 

10. DistihgnlBh between PaTenohymatofia and PfoeencbymatotiB Cene, 
and name aa many ol their apedlal forme as you can. 



CHAPTER XV. 

THE CONTENTS OF CELLS. 

Thd protopIa«ni bmlds up the celh to form the frame* 
work of the plant. Old dead eells ooni!ain only air or wateri 
but some cells store food matters prepared by the^rotoplaam 
or act as reservoirs of waste matters. Grown up cells of plan^ 
contain but little protoplasm but act as storehouses, while 
protoplasm is rich in those cells in which the coustrucfite 
activity of assimilation or growth is greatest. The cells of 
underground stems and rootsi as well as those of fruits and 
seeds, contain various kinds of reserve food-matter chief 
amongst which are : (l) carbohydrates, (2) albumens, and 
( 3) fats and oils. 


Carbohydrates. 

These are compounds of Carbon, Hydrogen and Oxygen, 
in which the hydrogen and oxygen are present in the same 
proportion as in water. When heated this water k soon 
driven out and the carbon alone is left behind as a black 
mass. The carbohydrates are — (l) the various kinds of 
sugars which are air soluble, (2) starch which is insoluble 
in cold water but dissolves in boiling water, and (3) cellulose, 
the substance which makes up the cell-wall of plants, tots^ly 
insoluble in water. 

Starch is the mol^ important and common carbol^rato 
which is found as a reserve food matter in plants. Seeds 
often abound in starch which is required for si^suriing the 
young emb^o when they germinate. Underground stems 
and roots ideo contain a large store of staircli. Tubers, 
l^y rhisomes, conns, as weQ ae afi the cereal grains 
18 
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rio6i veheat, tnai^Oi oats), and most pulses form tbo 
food of mankind because they contain the easily digestiUe 
oac^lbbhydrare starch. 

Starch occurs in plants in the form of granules of various 
size which are first prepared by the chloroplaats in green 
leaves and stems. At this time the granules ate very 
minute being enclosed by the small chloroplasts, but after a 
time they disserve and are converted into sugar. The sugar 
dis^ves in the cell-sap and the solution is then transported 
to the interior of the stem, to the underground parts, or to 
the seed and there it is reconverted into larger granules of 
starch by the lauooplasts. The leucoplasts are hoiico called 
starch- builders. 

27a. Kig- 279. Fig. 280. 



Fig. 278. A single sfcarch-grain of Potato showing the hSum at 
the top as a small circle ami the eccentric stratilied layers (magnified 
M 760). Fig. 279. Section of Potato showing cells with starch grains, 

( X 260). 

Fig. 280. Section of Rice grain showing cells containing tlie com- 
pound grains of starch ( X r40.) 

Structure. — A starch-grain has usually a stratified 
Btni«tare<flg. 278) ; »a in the case of the oell-wall, thicker 
deneer layers regularly alternate with thinner less dwtoo 
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imiit AocKxrdiiigIy» when seen imdiST the mioroscope with a 
bl|^ |»0wer lens, each grain exhillfilr alternatiDg bluish and 
reddish snnes or belts. The organic centre round which these 
leyers are formed is termed the hHum : it is rich in water and 
appears of a reddish tint, and may be found either about 
the middle or at one end of the grain. Sometimes* as in 
Potato (fig* 278), the grains are sccm/ric, t.s., the layers do not 
possess a common geometrical oentroi the hjlum being at one 
end ; in Wheat (fig. 282)i Pea, Bean, and many poises (fig. 461) 
the grains are tmceiUric. They commonly occur as sepajpte 
grains some of which are veiy large, as ip Potato, Arrowroot 
and Ganna. In other cases they do not form such simple 
grains but are compounded. Compound grains are merely 
aggregate of several grains firmly cohering to form a single 
Fig. 281. ^ Fig. 282. 



Fig. 281. Cells fivm the cotyledon of Pea sbowing the laigv cow- 
centric grains of starch and the innumerable small granules of aleuione. 

Fig. 282. Part of a section of Wheat grain ; P, the pericarp com- 
posed of cork-oells ; t, the thin test-a of the seed fused with the peiicarp. 
The first layer of the endosperm tissue (n,al) contains minute 
amorphous alcurono-grains (al) ; these grains do not enclose globoids 
or crystalloids. The rest of the endosperm tissue lower down is full of 
starch-grains {am ) ; n, the nucleus of the cell, (Both highly magnified). 
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bbdy^ Tbe Bio9 storoh abowo in ilt> 966 is vdm^vA, 0|£s- 
vise ilucb o! Oat8« each with some 100 to $00 fVliiDe. 

Bdtf-eOH^und grains arise by anion of two or'mbre'gmiibM 
vblob '^en become enveloped by a few- ooSamoa layei* 
(fg. 984). Both compound and balf*oomponadl gndns oaii be 
observed in tbe cells of Potato along v^h tbe laiysr and 
more common simple grains. 

In diemicsl eompotilion stardi has very moch the same peneatage 
eompoeitloB as oellnlese ; it is represented hy the foimnia *10 Og)), 

where the value of (n) le judeterminate. Tbe §est for etaroh ie 
it takes a bright bltte colour with, Iodine solution, a colour whieh dis> 
appears at high temperature but again appeare on cooling. In boiling 
water starch swells up and forms a paste which is then dissolved in 
excess of water to form a mucilage. When roasted, or on prolonged 
boiling, it becomes converted into dextrine, a kind of shgar ; hence the 
easy digestibility of roasted potatoes and other farinaceous vegetables. 

Sugars are soluble carbohydrates. They occur in i^lu* 
tion in the celbsap. Starch and other insoluble carbohydrs|te% 
when transported from one part of the plant to anotheri teit: 

first converted into sugar. The cane-sugar of liia 
Sugar-cane and the Beet is a reserve carbohydrate like stanch. 
Most fruits abound in. what is known as the fruitsi$gar, 
while grape-sugar, tbe sugar which we find in Grape juice* is 
the principal form in which carbohydrates travel in plants 
generally. Grape sugar is the simplest of tbe carbohydrates. 
It is first formed in the green cells of plants but becomes 
soon converted into starch. 

tnuHn is a kind of reseive sugar dissolved in the celNsap of 
root-tubers of Dahlia, some Sunflovers, and other plants of the 
family. It is precipitated in tbe form of fine radiating crystals (fig. 385 ) 
when a section of the tuber is placed m alcohol or glycerine. 

Tbe carbohydrate celloleM is also sometimes stoicd as reserve 
food matter in place of starch. The Date seed, for instance, Iw 
very much thickened celUwalls which gradually dissolve on germiuk*^ 
tion and nomdsh the young seedling. Similarly, the seed of the Betel* 
nut and olher Palms, of Cnstard^apple and plants belonging to Its 
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IjunUy, imve re«em eellnlove in tem, Dl ttiiolt eell^wyin, f he 
seeds 0 l Temi^nd alfiO hftve thickest eell*m) 4 s, notf el oellnlose bsyt 
of TiM IftMer staine blue with lodlUe lihe staiteb, i^hmas 

oeilulose siebss Iftint jeDow, laalixt and other stable oarbobydmtes ere 
iM>t stal^oed with todiae. 

AlbumeM ot Ptotdicls 

The albumens are nitrogef 30 U 8 drganio fluhstanoes of 
lery oomi^ea composition containing Carbon,. Hydrogen, 
Oxygen and Nitrogen, and also Bometimes Snlphor and 
Phosphorous. They are also known as the protaids. In ydnng 
cells where assimilation or growth is active the proteids are 
present in solution in the cell'sap, but^n seeds and 
reservoirs of food-matters the albumen condenses into fine 
granules termed aleurone grains (figs. 281 , , 282 ). In some 
cases, especially in oily seeds, some of the aleurone grains are 
very large and enclose angular plate-like or ciystaHike bodies 
termed cryslalloids. Sometimes also inorganic salts in the 
fonp of transparent beads are enclosed in a crystalloid or in 
go alcurone-grain ; these are called globoids— chemioalljr-^ 

double phosphates of calcium and magnesium. 

Ak'Uiouc*giains present in aimost ail seeds, but they are parti* 
CttlarJy rich in oily seeds and sparse in those that contain staicb. 
la Pea (Fig. 281) they may be seen as very small roundish grains 
lying in the same cells that contain starch. In Wheat (tig, 282) 
the first layer jef cells that lie below the testa is full of small 
aleurone-gmins, while the rest of the endosperm tissue is stuffed with 
starob-graius only. 

Pfotaids are of various forms ; soidc soluble in water, but the 
majority insoluble ; some, however, are soluble in salt solution. They 
all give a deep yellow colour with Iodine solution. To see this take sec- 
tions from Pea-seed and mount in Iodine solution and obi|jgrvcj undeV 
the Microscope. The large starch grains stain blue, the smaller alehrone 
giains stain yellow (hg. 281). Treat other sections with dilute salt 
solution for some 18 minutes. Then wash in wswteir^ and mount in 
Iodine BOlutioir, The coil-contents sic only blue and the yellow grains 
are not there. This is because the aleurone grains are all dissolved out by 
the sa^ soluMim leaving alone the starch grains whleh turn blue 
wltblodinOf 
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CtytUtloidi ftre found chiefly in the eell« of oily seedB where 
they are inirariably enclosed by the aleurone grains. To observe 
them take thin sections from the seeds of Castor-oil, Linseed, ox some 
other oily seed. Moont^ in water and observe under the Microscope. 
The granular substance of the cells is partly dissolved and the 
crystalloids become all the more prominent. For, ail crystalloids, 
unlike the aleurone-grains, are insoluble in water ; generally they are 
colourless, except in petals and other floral parts where they may act 
as vehicles of colouring matter. Like all proteids they are stained 
deep yellow with Iodine, 

Fats and Oils. 

These are substanoes composed of carbon » hydrogen 
and oxygen but do not contain nitrogen like the proteids. 
They differ from carbohydrates in having the hydrogen and 
oxygen united not in the same proportion as in water. 
Usually they are poorer in oxygen than carbohydrates. They 
are insoluble in water or alcohol (except castor'oil) hut 
soluble in either. In oily seeds (Poppy, Castor-oil, Mustard, 
Cotton, Cocoanut, etc.) where they are most abundant, they 
Fig^283. Fig. 284. Fig. 285. Fig. 286. 



Fig, 283. A compound ; flg. 284, a half-compound starch-giain. 

Fig, ^85. Inulin in cells of Dahlia-tnber precipitated as flne 
needle by Olyoeiine, 

Fig. 286. A single cell from the endpspenn of the Castor-oil seed 
showing the matrix of proteids with a few big aleurone-grains enclosing 
crystalloids with spherical globoids (highly magnified), 

replace the carbohydrates but become converted into siijapler 
and easily assimilable compounds when germination takes 
place* and hence must be regarded as reserve food matters, 
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Of all the yegetabla oils foaod in i^atsy tha iatty oils 
most be diatiDguiBhed fram the ethereal oils« JPatty oile are 
uoa*yolatile and resarye food makers ; they are found in 
seeds and may be obtained by pre8sare> e, q, 7 -Castoroii> 
Poppy’oib Coooaaut^oil> Mustard‘oil| eto« 

Etbeteal oilS| which give the pecaliar fragranee many flowerS) fruits^ 
and kaves hav«» are not reserve food. They are aU very voiatile 
and may be easily driven ont of the oeils by heat. l|heir f auction is not 
very well anderstood but perhaps they act principally for alluring 
insects, etc., for pollination and frait-dispursion, for protecting plants 
from herbivorous animals or insect pests or disease germs, and so on. 
Oils of Turpentine, Kuc-ilyptas, Orange, Lavender, etc,, are example. 

Inoyganic Crystals. 

Besides the reserve food^atters described above variotts 
other matters are found in the cells of plants. These esll* 
contents are regarded as waste matters and include poisons^ 
crystals, aoidsi pigmeuts« mucilage and so on. They are 
formed in special cells which act in all respects as depositories 
of waste matter. Of these the crystals of Calcium salts 
occur rather widely in plants. Chemically they are either 
oxalate or carbonate of calcium. 

are needlo’iike crystals of calcium oxalalij| 
which occur aggregated in bundles as shown in fig. 287. They 
Fig 287. Fig. 288. Fig. 289. 



Fig. 287. A cell from Che Water-hyacinth oontaming raphides 
imbe<kled in mucilage. Fig. 288. Bub-epidevmal cells of 01 oontalning 
spberioal clustered crystals of calcium oxalate* Fig. 2S9. A cell Imm 
Onion containing eubieal crystals of cakium oxalate, 
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rem^Q imb^Med in the muoibgincmB nontoite Gd oeitidii I9«0s 
and oooar in many bulbs and uud^rgrauad stems^ apeciaQy 
of small herbaoeous Monooots. Ootiabadi^ nuldaal 
orystals of Cj|loiam oxalate are also met «ritb in eld eeOs pi 
many i^ants j7.« Ooion< Begonias# ibenbiii eto. Sotise 

times small crystals are so olostered that they appear to 
radiate from a common centrei os shown in fig. 288» These 
starshaped ciystals of calcium oxalate are called 

Ijcss common are crystals of calcium carbonate wbieh 
exist in extremely minuts granules in the ceils of certain 
plants. Unlike oxalate orystalsi they are found more commonly 
as incrustations of the cell-wall. In many plants of the 
B^yan family, there are peculiar peg-'shaped stmcturei in 
soma large cells below the skin of the leaf. These are swollen 
masses of the cell-well projecting inside the cavity of the 
cell, on which infinitely minute particles of cdcium carbon ate 
are deposited. Such a concretion is termed a cyatolith. 

To observe Raphid«s take thm sections from the inner soft paren* 
cbyma of the corm of 01 or Kacboo, and mount them in water ; or even 
the juice squeezed out by lacerating the tissue may be taken. Undei* the 
Microscope myriads of fine needk^ will be found floating in the water. 
Some . cells are especially rich in them With water the mnhj^e in 
mioh the needles arc imbedded swells and so the crystals are liberated 
from their bundles. To observe the bundles undisturbed, sections from 
the leaf or stem of Water-hyacinth, Pistia, or Water-chestiiat may be 
taken. The rapbides will be found locateti only ia a few spindle or 
torpedo-shaped ceil* which jut out in the large air spaces. 

Sections taken from the thick outer skin of 01 or ISacboo reveal 
under the Microscope some of the most beautiful crystals. The crystals 
present a clustered appearance, somewhat likb little globm of Cut-glass 
(flg 288). Cubicid crystals of oaloium oxidate may be seen in sections 
from the scales of Onion (flg. 289). 

To observe cystoliths take tbe leaf of the tndUm Banyan, fold It 
several times so as to form a thusk oimhion and cut stotions tnmsverseiy. 
Mount In water or dilute Iodine solution and <pbserve under tbe 
cope. Just below tbe outer skin ai the ipri WiU be found UPilir hitis 
ceils which contain dark spherical thasMS. JJ^ted withv U dilute 
solutiesi M hydroohforic i^ld the masses oiehr niii, evplvlug semfi buhblee 
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of gag (a%rboii itiozkie)f and than a peg*glia^ atru^nfo ig gegn |»ro-» 
jeoting into the cavity of the oell. On the aiirfaoe of this rniante 
Qiyatala of calcium carbonate are depoai^d* Hydrochlorio acid dig- 
tingttiabeg orystala of .calciam carbonate from thole of the ozalate« 
The latter diaaolve in the acid without evolutioti of gai« Another teat 
is to tr^t seotiona with acetic acid ; cryitali ol catciam carbonate will 
dissolve with evolatlon of gas bubbles, wbcreas the ozalate crystals 
(rapbidea and other forms) are not dissolved* 

The cell'Sap holds various things in solution oi which the sugars 
and certain organic acids are oommom In coloured parts of plants 
the 06ll*8ap contains a substance, called mffhscyaMii» which under 
certain conditions becomes blue, viotet, I'ed, etc, and to this is due the 
varioiiR colours of flowers, frnits, and foliage. 


SUMMARY. 

The Cootenti of cctla-^Young cells contain an active protoplasm, 
old grown up cells contain but little of protoplasm and a varying 
quantity of other matters manufactured by the protoplasm. The soft 
parenchyma of seeds, fruits, and swollen underground stems and roots 
contains a large quantity of reserve food-matters, chiefly starch and 
proteids, sometimes oils instead of staroh, which are required fer the 
future gi'owtb of new shoots etc. The cells of the bark or of the wood 
of a plant are mostly dead and contain only air or water, Ceitaii| 
other cells o( a plant, however, store waste matters such as gums, resins, 
latex, tahereal oils,, crystals, etc. The various kinds of cell-oontenta 
may. be classified as follows : — 

A. Ubrbrvb food MATTBB8, Stored in seeds, stems, roots, etc. — 

1. Carbohydf^^tSf or non-nitrogenous food matters 

(a) Soluble, present in eell-sap— the SHgars^ of which the 

most common is gra|)e-Bugar ; cane-sugar is found in the 
sugar-cane plant and the Beet ; fruit- sugar in many 
fruits, ikuffxr is present in some plants of Sunflower 
family. 

(b) Insoluble, of which the most common and wide-spread 

is jgarcfk , in a few seeds cffliiloju is present. 

/Vofs^ ,or nitrogenous food matteia. These often occur as 
sis^l giauuies called alsuruM yrafivs. are crystallised 

proteids oocuriug m some Urge aUoroue giaius. 
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3. fkOfy Oils are fouud ia the oeilf of some ieeds (Blastard Poppy^ 
Oocoanut) instead of starch. 

B, WasTU MaTtBBS, which are formed in certain cells of a plant, 
or in certain chambers or passages ; larelj in seeds. — 

1. Crystals which are generally of caloiam oxalate, less commonly 
of oalcinm carbonate. Raphides are long needle-shaped crystals of 
oalcinm oxalate. 

2. Gumsy in such plants. Babla, Sajina, Ladies* finger. 

3. Rssinsy as in Hines, Sal, Qarjan, etc. 

4. LalsXy as in Poppy, Akanda, Figs, etc. 

5. BtharealoASy as in Lemon, Podina, Lavender, etc. 


QUESTIONS. 

2. What is starch ? Where do you find it ? Describj its formation 
and structure. 

8, Distinguish between the contents of a green cell of a leaf and ot 
the cell of a seed. 

3. Ddscribe the contents of .a cell of the seeds of Pea, Wheat, 
Castor oil. Cucumber, and of Potato tuber. 

4. Give an account of carbohydartes found in plants. 

6, How would you distinguish starch grains from proteid grains 7 
What are crystalloids 7 

6. Give an account of the important mineral deposits found in 
plants. 

7. Give an account of the fats and oil found in plants. 

8. Describe how you would proceed to demonstrate (a) Starch 
(^) Baphides, {c) Cystolith, and {d) Crystalloids under the Microscope. 



CHAPT^ XVI. 


THE TISSUES. 

10 I 

A tissue is a group of cells: which togethc^r carry on a 
particular function of the plant. The body of the plant is 
made up of several tissues, each as a continuous aggregation 
of cells in intimate union. Tissues are the internal organs of a 
plant. Thus, there is a tissue for conducting water, «the 
oonstituerit cells being water-conducting tracheids ; a tissue 
for giving mechanical strength, the constituent cells being 
sclerenchyma fibres; a tissue for preparing food-matters 
(sugar, starch, etc.) the cells of which contain protoplasm 
with cbloroplasts, and so on. A plant consists of myriads 
of cells, but all the cells are not doing the same kind of 
work, some are set apart for protecting the plant, some for 
absorbing food matter, some for assimilating them, some 
for conducting, some for storing, and so on. Cells which do 
diflferent work are also structurally different ; thus conduct- 
ing cells are elongated, nutritive or assimilating cells arc 
living and have protoplasm, protective cells like those of 
coi k are dead, and so forth. But cells which carry on the 
same function are quite alike in structure, and grow and 
develop in the same manner. A union of such cells which 
are similar in structure, growth, and function forms a 
tissue. 

The soft green tissue of a leaf or young stem is a paren- 
chyma containing chloroplasts in its cells ; it is hence called 
chlorenchyma. It prepares sugar, starchy and other food 
matters. T%e veins of leaves and their continuation in the 
stem constitute a prosenchpma tissue. They are made up of 
elongated tracheids and vessels which conduct water, sugar, 
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and Ollier food-mattere. The eoit tissue of froite^ tabers, 
bulbs* rbiaomesi corms* and "fleshy roots* is a parmnA^a 
whioh fundaons as a storage tissue,; the constitumit cells 
store starch or other food. The bark of a j^uxt k a dead 
tissue ootnposed of oork'odlls ; it is a protective tissue. So 
too the thinner shins of fruits* of underground and aerial 
stems* roots* etc. 

All these tissues are grown up or mature tissues* 
their cdla do not multiply or produce new cdls. As 
opposed to these mature or permanent tissues* as they are 
called* there are other tissues which simply diride their 
cells. They only produce groups of cells which later give 
lise to the mature tissues. Such dividing tissues are called 
formati/M or meristematic tissues. For instance* the cdls of 
an embryo are all rapidly - dividing. They have very thin 
walls and a dense protoplasm which continuously divides* 
throws up partition walls* and thus new cells are formed. 
Later on* when the embryo has developed into a seedling, 
the tips of the root and the shoot are made up of cells 
which have only one task to perform, namely to divide. 
The growing tips of a plant, as well as all new formations, 
such as the buds in the leai*axils aiid the rudiments 
of branch-roots, are all in an embryonic state ; they are 
e3tpbi7onic tissues or meristems. A meristem manufactures 
the cells which gradually grow up to form the mature tissues 
of a plant. 

Cell-divisicm.— The process by which the cell of an em- 
bryonic tissue divides itself into two cells is called cell-division. 
The first change which takes place in such a cell is that its 
nucleus gradually swells till its compact form is lost. By and 
by the Hnin thread becomes thicker and looser as shown in 
fig. 290 A. The nucleoli and the nuclear membranes disappear* 
sp tfae^Abe nuclear matter now boats freely in the cytoplasm; 
Abo# tiltis time* on two opposite sides* called tiie ptdnsi 



c®fiL a(jb 

tb^ eytopiastn jf raised in tbe tom of two caps so ^ to 
fonn \a baireHbaped strueturo. called tbc mdear spii^dk* 
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Fitr. 290. Diagrams showing nooleat pbattges. A, the greatly 
swollen nuoleofl with its linin thread It ss enlangleH ; B» formation^ 
nuclear -spindle and chromosomes ; 0, separation of daughter cbropis- 
Bomes and their migration to tfie poles ; D» formation of daughter 
nuoleii by the reanfon of daughter chromoBomea and of the oell-plate 
in the middle of the cell. 

Fine threads now appear in the cytoplasm and run from 
pole to pole and pass through the poclear matter. The linin 
thread, with the chromatin granules ranged in parallel rows 
on it, now breaks up into a definite number of pieces called 
chromosomes. The chromosomes settle down in the middle of 
the spindle, and each is attached to some cytoplasmic threads 
which pass from pole to pole. These fibres then contract 
towards the poles and eventually split up each chromosou^ 
into two daughter chromosomes (fig. 291). The fibres 
go on contracting and drag the daughter chromosomes 
towards the two poles as shown in fig. 290C. In this 
way each pole receives exactly half the number of chro- 
mosomes. Next the daughter ohromosomes of the two poles 
unite end to end, become entangled, and form the nuclear net* 
work of the two daughter ?nucleii. The cytoplaamic fibres 
then collect round them, gradually lose their fibrous nature 
and form the homogeneous cytoplasm of tbe two daughter 
cells. Between the two, in tbe middle of the parent cell^ 
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gr^le« of pectose matter are gradually "developed and these 
eventually form a continuous celbplaU, In this way two 
daughter cells are formed from a single 
embryonic or meristematic cell. The daughter 
cells then grow, the thin peetose layer receives 
cellulose matter to form the resistant cell- 
wall» and after a short time the daughter cells 
divide in their tarn. In this way a multi* 
cellular meristematic tissue arises which con* 
tinually cuts off cells* some to grow up into 
Fig, 2^1. mature permanent tissue, others to retain 
Diagram Bhowing meristematic character. 

«t™cture of the growing point 

daaghtci cliromo- of a stem or a root is very simple. The 
tissue at the very tip is a meristem ; it is 
made up oi a number of cells which are all alike both in 
form and function. The cells are small, with a very 
thin cell-wall, and are full of a dense protoplasm. The 
nucleus is very large and fills almost the whole centre, 
while vacuoles or sap-cavities and starch and other granular 
matters are absent. Chromatophores are generally represent- 
ed by small leucoplasts, loss frequently by pale-greeii ohloro' 
plaats. The only function of the cells is to divide rapidly, 
and as the division of a coll is preceded by a division 
of the nucleus, the latter forms the most prominent part of 
the cell. This special meristem continuously prepares new 
cells. Of the tiers of cells cut off by the meristem, those 
that are at the top continue the meristematic character, while 
those of the lower tiers do not only divide but also grow 
up in volume and at last form the permanent tissues of the 
adult organ (stem or root). Below the growing point the 
cells are actively growing ; they iissume different Wms, some^ 
long, some round, and so on ; vacuoles appear, the wall is 
thickened, and other changes take place in the cells, and 
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thus new oell-aggregates or tiasoes are formed. Lower down 
the organ is fully differentiated ; parenohyina> sclerenohyma, 
traoheidsi and other tissues are formed. These are the per* 
manent or fixed tissues, so oalled heoause they show no further 
growth, having attained their adult form permanently. 

At the extreme tip of the growing points of lower plants 
iopluding the Ferns, there is a single cell, called the apical 
cell, from which tiers of meristematic cells are out off. The 



Fig, 292. T/ongitudinal spct.ioa of the growing tip of a btrim BlKrwing 
the throe primary moriHtecns d, the dermatogen ; Pr, the periblem ; 
Plj the plerorae. 

growing points of higer plants (phanerogams) have, how* 
ever, no apical cell but layers of meristematic tissue which 
constitute the primary mertetem. Often, however, a small 
group of oells or even a single celL corresponding to the apical 
cell of lower plants^ can be found in the primary meriitehi. 
These are oalled the or the initial cells. Tfa^ give 

rise to the primary meristem. The maristem which precedes 
the primary meristem is oalled the primordial or pro- 
meriatom ; from it all other meristems follow ; the apical 
cell, and the initial cells are Instances. New formations 
such as leaf buds and branch roots fuat arise as a group of 
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small aotarely diTiding oalls from the p9,tmt axis* These 
ooostitute the primordial meristem and later on, in the 
elongated stem or root, become more massif e and eonstHate 
the primary meristem of the growing apex« The if^rilnary 
meristem is differentiated into three distinct layers of 
meristem. These are (fig. 292) ; — 

(1) The dennatogen* the outermost layer, passing right 
ofer apex and covering the other tissues like a mantle* 
Its cells divide only at right angles to the surface. It thus 
forms a single layer of cells which lower down form the 
epidermis or the outer skin of the plant. The dermatogen 
and the epidermis thus form a continuous layer covering 
the young organ, the dermatogen being at the top cutting 
off cells which lower down mature into the epidermis. 

(2) The plerome, the central mass of cells of the grow* 
log apex. This can often be traced to a few initials 
(fig. 292). Its cells are slightly elongated lind mostly divide 
by walls parallel to the surface. It produces below and 
is continuous with the central hard tissues of a plant which 
constitute what is called the stele. The stele forms the 
central cylinder of the plant and consists of elongated 
tissues which serve to conduct water and food matters. 

(3) The periblem, the zone of meristem lying between 
the dermatogen on the outside and the plerome in the 
centre. Its cells divide in ali directions, both by longitudinal 
and transverse wails at right angles to it. It produces below 
and is contiimous with the soft parenchyma, called the 
cortex, which lies between the epidermis and the stele. 

The dermatogen, the periblem, and the plerome are the 
three differentiated parts of the primary meristem. They 
produce the three adult primary tissue, the epidariiiis, the 
cortex, and the stele respectively. The epidermis is the 
tissue which forms the protective covering of a young organ ; 
the Centex prepares and stores food matters, while the i^ele 



l«mit ^ '^mc?ey to mkI fro «rt«r sttor food nuqiton* of 
tto |i»iife. L<itor oiii fo fefao older part of the atom, tlieee 
siosi^ pri«i‘U 9 titooee are farther differeittiated. 

The pirhaaijr meijiipem of the >o^ dUfare 8 %h^ 3 r front 
that of tho atam. 'Rie aotoal meriatem liea a littla behind 
the veiy tip ofthe root where there ia the dead tmoe of the 
root-oap. The outer eider oella (o. fig. 293) of toe roat*Gap ue 



Fjg. 393. LongUtttlinal seetioa of the growing fioint of a iroot 
showing : a, the oalvptra or root-cap ; b, the oa! jptrogen ; c, the derma- 
togen ; i, initiil oeils ; Pr, the pe^iblem ; Pi, plerome. The dark layer 
between pl and Pr is the endodermit* 

torn away aa the root barrows through the soil, and newer* 
cells are added from behind by the calyptroeen (b). This is 
the first layer of the primary meristem of the root. It 
divides its oells both inside and outsidei those cut off on the 
outside going to form the root-oap or cs^yptra^ while those 
on the inside form the derm itogen (c). A distinct dermatogen 
cannot, however, often be traced as it is merged in the oalyp- 
trogen. But further away from the tip a distinct root- 
epidermis, called the epiblem, is developed either from fdis 
dermatogen or from the oalyptrogen. The periblem and tiie 
plerome of the root can often be traced to a single oi* a few 
initial eeUs. (i, fig. 29J) from whidi lower down tiiey be- 
come cleerly dtflferentiated. These two meristems are separated 
by a distil]^ layer of Qjbse-packed cells which forma the inner 
%iit of the pertbiem and later m deiNdopt into the 
ei)doderiiueseparatiiig the corteg from the ^le, 

14 
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Intercellular epaces.— Tfaene are ipaoea fonaed generally 
by the splitting of the eommon cell wall of adjotnitig v oeUa« 
They occur generally in some types of pmnohyma, in 
the cortex of stems and roots, in the parendhyma of leaves, 
etc. The simplest intercellular spaces are triangular pr 
quadrangular in outline (figs. 270, 271). In the cortex of 
stems and roots they are generally small and contain only 
»ir. Larger intercellular spaces containing air are found in 
leaves. They are especially abundant in water and marsh- 
plants and in floating loaves. Large air chambers or passages 
found in spongy tissuosi such as in the petioles of Banana 
and water plants, are fomed by a tearing or break-down of 
the walls of i group of cells. Such cavities or chambers 
arc cilled lysigenic intercellular spaces as opposed to the 
ordinary schizngenic spaces formed by a mere splittir^g of the 
cell-wall. 

In many plants lung ducts or canals are formed which contain 
resins, gums, or other waste matters, as in Pines. These are later- 
•cellular spaces formed either lysigenously or ecbieogenously (see fig. 
299 r), surrounded by special secreting cells called epithelium cells. 

Kinds of tissues. — Tissues are primarily of two kinds : 
(l) multiplying or embryonic tissues, called meristematic 
tissues, and (2) fixed or v>ermauent tissues which arc fully 
grown up and differentiated tissues. 

1. Meristematic tissues. — These are formative or 
dividing tissues composed of very small thin-walled oells 
with abundant cytoplasm and large nucleus. The diffei^snt 
forms are 

1 . The pro-meristem, the original meristem of embryonal 
imrts (embryo, buda, etc) from which all other meristems arise. 

2. The primary meristem derived from the last, found 
at the growing points of stems and roots, and showing the 
preliminary differentiation into donnetogen, periblem, and 
plOToipe. 



MpaSTEMATlC TI$St|«S m 

Tbe ]mt€mibim is of tbe pleronie ; it is tlie 

rperiftein which later gives rise to the penoaoent 
conducting tisanes of plants. 

$. The seamiarp merisimn originates from living perma^ 
nent tissues which have already matured ; certain cells of 
such a tissue undergo repeated cell-division and then resume 
meristematic activity. Two such meristems are well-known: — 

(1) The ph4/Uogm or corhcambium is a secondary 
meristem which arises in the outer cortex of a plaiiti just 
below the primary epidermis, to give rise to the cork or hark 
(fig« 294) of the plant. This cork tissue replaces the 
epidermis in old stems or forms a covering to wounds. 

(2) The canAium is a meristem formed in the stele of a 
plant which continually produces tbe w ood of the plant. It 
is due to its presence th^t Dicots and Pines increase 

Epidi'imis with a tlnch cuticle 
on the outside. 


Cork pamicbyma with Hciui 
thick -walled Eubuibod cells. 


FhcIJogen or nojk-canibiunj- 
actively dividing cells cut- 
ting off dead cork cells on 
the outfaide. 


continuously in thickness. 



Fig. 294. Cj^oes section of the bark of a stem, 

II. Permanent tissues are the fully growii up adult 
tissues of a plant. They lire derived from the primary or the 
secondary meristems, and hence in origin may be either 
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primal^ or aaooisdary* They way hi^ dividod into 
groups : parencliyinai proB6nchyina> and yasodlar aooording 
to their form. 

1. A parenchyma h typically a soft tiesiie wM thin- 
wfdled cells which are more or less roundish or regular and 
generally have protoplasmic or other cell"Cohtents* It forms 
the soft parts of a plani, of stems* roots, leaves, fruitif etc* 
Three special forms of parenchyma are : — 

(1) Chtorenchymat or the green pareticbynia occuring 
in all green parts of a plant, the green colour being due to 
the presence of qhloroplosts in the cell. This is the 
assimilating tissue of the plant; it prepares starch, sugai*. 
proteid and other food matters. 

(2) Collenchyma is also a green assimilating tissue like 
the last but it is mainly a strengthening tissue, for the 
cells have thick cellulose walls and can consequently be 
greatly stretched. It occurs in most rapidly growing 
herbaceous stems just below the epidermis (fig. 296). 

Fig. 2»S. Fig. 296. 



Fig. 296. A Bclmnobyma tissue : the long fibrous pointed ceJis 
are interlocked (longitudii^ section k 640). 

Fig. 296. Outer part of a trunsrerse section of a stem, showing 
E, the epiderjoais with c the qutlole, and ch, the collenchyma helow«» 
the epidermis; W, ths (hicheued cell-wall of the colJcncbyma-celJs ; 
cl, the ohloroplasts ( x 3i0}« 


Ms^GfmniiL tmsm su 

I ' 

<S) ifi » T^ry ipo^fy fftr^odiyina wilfh 

kii*f e i^iiSi^paoii wbkh break np time ieto pbmodM or 

plstNM of eelk It oonstitotes the venMMng time of 
platrfe and h ir^vr proioineiit in water^^danOi. 

The (orenchyma is applied ^neratly to, all ioft tanea It 
may ha^ to perform varlOttB luiifSttcmB, Boch as aaBiinilatfoni BtmragOi 
8eoret)oO| eta, tor iftttanoe, ahder ground structureB anOh ob iaWt 
oorm, rbf«CNnif| etc., and loedB which functipa as the Btoxe^hoUBcr of 
nutritlrc maticTB^ oonsiH mainly of a ooloar-IcBB parenchyuva ttkc ocUi 
of which contain Btaroh, oil, or protcids ; this Btorage tiasnc may be 
called a store^s-paruu^ma. The green oblorenehyma U CBBentiaily 
an aiiiBiilatfng parenchyma, the mrenohyma is the Tenttlating 
parehchyma, and bo on. Cork-fHmMfymOy tho brown tiaeue formed 
on the Borface of potato tuber (dg. 277) and other underground add 
grown up aerial Btema of Guava) has a protective function ; 
it ooDBifiti! of regular cubical cells which are full of air and have 
suberised walls, so that the tissm^ is impervious to water. A paren- 
ohyma which aecretes waste matters such as gums, etc,, ae in Pines, 
6al, and many other plants, is sometimes known as the ipiMki 
ptarendoma; it consists of thin-walled cells with living contents the 
function of which is to M^cretc wa^e matters* 

2. A prosenchyma is typioally a tissue composed of 
elongated cells* Wben the cells are thin-wallcd, they con- 
tain living matter along with the usual products of assimila* 
tioHi such as ||ugar8i protcids etc. which they carry from 
one part of the plant to another ; wben „thiok> walled they 
are often deadi hard, lignlfied cells, and contain only air or 
water. Two typical prosenchyma tissues are : — 

1. Sclergnchpma or the strengtben^g tissue ; it consists 
of long fibre*Iike or spindle-shaped thibk-walled cells 
(fig. 295) with pointed extremities so that they interlock 
into one another and thus form continuous strings running 
through the plant. It is a dead hard tissue which serves 
a mechanical function. The fibres derived from plants for 
textile purposes, as from Pine'^apple and Agave leaves, 
Banana, Jute, etc, and those from Palms used for rope* 
making, are solereuobyma. 
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2. TradkAid^ tissue is the water-oonducting tissue of 

plants ; it consists of traoheides (pu 1 86). 

3. A vascular tissue or a vesssl is formed by the fusion 
of cells. It is *formed in this way : a row of elongated cells 
placed end to end become so firmly united that their trans- 
verse partition walls break down or become perforated by 
pits so that a continuous channel is formed. A vessel is a 
oondueting tissue ; water, sugar, proteids, and other matters 
formed during ikssimilation are rapidly transported from place 
to place through the vessels. The common vessels are : — 

1. Tracheae or wood- vessels which conduct water. They 
are composed of thick- walled, lignified, wide tracheides placed 
lengthwise end to end and so united that the end-walls 
disappear or break down during growth. They may be : (a) 
simple pitted, (J) bordered pitted, or may have (c) spiral, 
(d) annular (fig. 274), or (s) reticulate bands of lignified 
thickening layers on their surface ; (/) a scalariform vessel is 
one in which the surface bears elongated pits ari*angcd in 
parallel rows so as to look like the rungs of a ladder, 

2. Sieve-tube,^ are thin-walled vessels which conduct 
nitrogenous and other matters. They are composed of long 
thin cells with their common walls, ospociallj^he tmusvei’se 
septa, perforated by small pits termed sieve-pits, through 
which the heavier albuminous matters readily pass. So long 
as a sieve-tube is active its walls is lined with cytoplasm, and 
the pits are open, but in old sieve-tpbea the pits are closed 
by a slimy matter called cal/us (see fig. 275). 

3. LateX'VesseU are formed by the fusion of a row of 
elongated thin-walled cells the end walls of which arc 
absorbe^. They conduct the milk or laiem in some plants, 

the Poppy, Mexican poppy, Papaw, etc. Such vessels 
as a rule ramify in all directions by sending side-branches 
which fuse at the ends w^ben they come in contact. 
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THE,TISSU8S 

SUMMARY, 

f Primordeal or pro-merlitem. 

tferiitematic j | 

Tissne J Primary meriatoins 

1 ! 
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*- I I 
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SteJe, 
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. J L ^ 
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1 I 

Thick wai«led Tuik wallkd tutcK waLr^sD 
I I Ti-afe hete or Wood vesiel 


Tracboide Sieve Lacex 

tissue vessel vessel 


Grecu, living Colouiless, living or uot 

I I 

Gbiorenohma Coileacbyma Aerencliyma Storage pareaobjmai 

Cork parenohyma, 
Wood parenchyma, etc. 


QUESTIONS, 

1. What are tissues and ho>v are they formeii ? Name an<l describe 
some of the principal kinds of tissues. 

2. What are mcristematic tissues T Describe the structure of the 
growing point of (1) a Dicot stem, and <2) a Dicot root, 

3. Of what kind are the following tissues, and where do you find 
them 7— collencbyma, tracbeide, latex vessel, procambium, phellogen, 
trachem; sieve- vessels, cork- parenchyma, plerome, eaiyptrogen, and 
sclerenchyma. 

4. Distinguish between (a) a latex cell and a latex vessel, 
(b) trachem and tracheidds, (c) parenchyma and prosenchyma, (d) 
cambium and procambium, (e) pro-meristero and primary meristem. 

5. Give a^olassification of the permanent tissues. 

G, Describe tissues which serve (a) meobanical, (b) conducting, and 
( 0 ) assimilating functions. 



CHAPTER XVtt. 


primary tissues. 

The primary tissues differeatisted the three 

primary meristema dermatogei3» peribleoii and plerome df the 
growing point are formed in young organs* suoh as stems 
and roots* and may now be studied in detail. 

The imrtmary tissues in a young Dieot stem may be 
easily observed under the miorosoope or with a bigh^power 
simple lens in thin transverse sections from the stem^ ol a 
young plant (Pea, Oram, Sunflower, Balsam, etc) a little 
below the growing point. Fig. 297 shows such a section as 
seen under the miorosoope. The outermost layer of tissue 
forms the skin or the epidermis. It is composed of rectangular 
cells which flt closely so as to form a continuous layer. The 
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Fig. 297. Oross-sseticn of a v^ry yoang Bioot stem (Magtaified x 60.) 


•ztenial oell-wall of tfai« layer is alightly thioken^ ud may 
be rraaored, eqieeially lower down as a tAun abeet eajlad tiie 
eeficlt. Below the epidermis oomes a nme of manydaysrsd 
. whu>^ oon^itotes oeeiex* This ia gtem owfog 
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to the preseiiee of efaloropiask in lAe oelle« The inner layers of 
the oortes are eoloutieis, and eurroand eevend vedgrehaped 
oompaet bodies called the bundles^ mtese are, arranged in a 
ring whioh forms the oeiitral cylinder or the stele. The 
core or middle part of this eylinder is a large-celled paren* 
chyma called the m^fdla or pif4. The bundles are separated 
from one another by strands of parenohyma running from 
the pith to the oortax : these strands are oalled stsdafiory 
rofs. 

What do these tissnas do I The epidermis forms the 
outer covering and serves^ to protect the inner tissues from 
iiuury ; for this purpose its outer vrall is thickened to form the 
cuticle which becomes cutinised and impervious to water. ^ 
The outer green cortex (ohiorenohyma) is the assimilating 
tissue ; it prepares starch a? id Mother food matters ; the inner 
colourless cortex merely stores them. The bundles of 
the stele servo to conduct raw aud prepared food matters 
to and from the asaimilattrjg tissue, also to cany water 
and other food to the growing apex of the stem, root, 
loaves and buds. The medullary rays serve as a channel 
of communication between the bundles, on the one hand 
and the cortex and the pith on the other. When the 
amount of food matter prepared is more than can bo stored 
in the cortex, the surplus passes through these rays to the 
pith to be collected there. The pith is also often the part 
where waste materials are stowed away. Also the water 
required by the cortex is drawn from the bundles by the 
medullary rays. 

Excepting the bundles whioh are greatly elongated and 
so prosenohymatous iu form, the whole masa of tissues 
enclosed by the epidermis is a soft parenchyma termed 
i^daisieiilill tisMie, so called because it is of the greatest 
importapoe ie tilie parent of all other^ tissum (secondary). 
Its parts^Wly on the asstmllatingf storage, meehafiical miA 
14<a) 
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other funotione, In the Dioot etem the riog'like arrange^ 
ment of the bundles div^tdea the fundameatal tisaue into two 
parts; (I ) that lying outside the ring of bundles u the 
and (2) that enolosed by the ring and loriuing 
part of the stele is the itUra-sMar fundamental tissue. 



1. Epidermis. 

2. Oatvr cortex 
b. l^hicBuierina 

4. Peiicycle 

5. Bundle 

e. Cambium ring 

7. Me dullary rays 

8. Pioto-xylein 

*.». Tith 


10 Xylem 
11. Buiuiie 


1*2 


Kig. 298, Diagrammntio oioss-scciion of a young Dicot htem. 

The extra-etelar fundamental tissue, or the cortex, 
is often differentiated into three parts, though these are not 
very distinct in every young stem. Sections taken from a 
grown up herbaceous stem show that just below the epidermis 
there is a zone of green tissue the cells of which are thick* 
walled. This is the collenehyma (fig. 299 Co.) It is formed 
in all herbaceous Dicot stems which urow in length for a 
long time, annual stems for instance. The coJleftchyma 
serves not merely as the assimilating tissue but by^ virtue 
of its thick walls also gives the necessary rigidity to the 
' soft stem to keep itself erect". This sub-epidermal portion 
of the fundamental tissue, called the hypoderma, is thus 
distingtiMiat^ from the inner softer parenchymatous cortex 
^liibh Siliy be partially green or entirely colourless* The 
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iotierinoAt layer of tbis oorteic, that wbioh immediately 
invests the steloi is often formed as a single layer of elosa* 
^ked oeltsi very much like the epidermisi and is distinguish- 
ed as a starch containing sheath or Phioiatermd {dg. 2^9 E)* 
It is not well, diferentiated in aerial stems but in rhisomes 
and aquatic stems of Dicots it often forms a very firm and 
thick layer called the endodermis (p. 209 )« 

The intra-atelar fundamental tissue or the parenchyma 
of the stele also consists of three parts : of these the medulla 
and the medullary rays have been mentioned. The other 
part which is conspicuous in such parts of the young stem 
which trail on the ground (in climbers, creepers, rhizomps» 
or trailing parts of the stem) is a zone of tissue just below 
thi pblcBOterma and surrounding the bundles. It is termed 
the perkpcle ; it forms the outermost layer of stele ; beyond 
it lie the extra-stelar tissues. The pericycle is the seat of 
formation of young roots which always arise endogenously 
from the stem (adventitious roots). In erect stems it is 
sometimes present as a very thin layer with no particular 
task to perform, except sometimes as a well differentiated 
sclej'enchyma to give rigidity to the stem, but very often 
its formation may be induced wherever there is the necessity 
of root-formation from the stem. 

The bundle is the most complex of the tissues presejit 
in a plant. In a cross-section of the Dicot stem it is wedge- 
shaped in outline, and consists of two well-defined parts : 
one consisting of hard, lignified, thick-wallcd elements the 
cell-cavities of which are large and contain only water — this 
forms the inner half of the bundle and is called the x|/2em, 
and the other, the outer part of the bundle, consisting of 
soft thin- walled elements, the cells having a slimy proto- 
plasmic content — this is called the phloem* The xylem is that 
part of the bundle through which water and :*aw food-mattora 
in solution travel ; the phloem is the part through .which the 
assimilated products pass* Between the two It^s a thSn 
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Fig, 2^9. Crobfi-Bcction (one- fourth only) of a full grown Sun* 
dower stem ; JSp, epklermis with a thick outicU: on the outskteaiid 
hairs ; Co, collcncbymatoua hypod«mia ; r, resin passastce gurroundad 
hy small epilneliam cells ; MR, mednllaiy raye. (Magnified % 150), 

Development of the bundle, — ^fiach bundle is devo* 
loped from a prooambium strand of tfre plerome. During 
its differentiation the first formed xylem^ called Jbe pr&to^icflm 
and the first formed phloem> called the pri^tiJrphUmm 
formed on two opposite sides of the procambiuiUi so that the 
i;)roto-xylem lies nearest the axis of the stem at the api$ of 
the wedge and the proto-phloem farthest away« From tbe^c 
points .differentiation p|£ceedg toimidf the 
the the 
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axis* md sd^ (Mirwallsd Imtig alemeate top^r ^ 

Oft atd«. Tba lattarform the 

formar Theltofitral part of tie pjrocom^fxi^ 

howevet*^ not eon||ii|tied into a pemaaoent time* , 

its meristematio eha^^ Aod tol«j|?tbe oiipbiiiiiit 

bundle it formed frottf" tbe proeautbiuiu* t|ie . 

still ooutinues to add neW^ elements of phloeui oil 

and new elements of xylem on its inside, so that 

the first formed elements of the xylem and ph|om| ^e 

protO'Xylem and the prot(rph1oem, are pushed larther aJS 

farther apart. In a fully developed bundle the proto*xyleiA' 

and proto'pbloem cease to perform their funotnon. 

The xylem consists essentially of tracheides and trachsse, 
the water-conducting tissues of'plants, together with a thiek^ 
walled paroiiohyma, called xylem^parenchyma, the ceBs of 
which are at first living and supply the trachmal elemeilts 
with the necessary food, but later lose their protoplasmic 
contents and simply store starch , sugar, and similar food- 
matter. The first formed elements of the xylem (proto- 
xylem) oonfists only of a few long spiral and annular traohess 
which are gieatly stretched and may even be broken, for 
the young stem -in which they are foitned grows very fast. 
The metaxylem is composed of shorter and stronger elements;' 
they are mostly pitted or reticulate vessels (traohess) and 
tracheides. Vessels and tracheides predominate in a young 
xylem, while wood- parenchyma is formed later by the activity 
of the cambium. (See fig. 300). 

The phloem consists essentially of sieve-tubes^ certain 
sister-cells of the sieve tubes called companion ccUs(zee fig. 275, 
to the left of the wide sieve-tube are two narrow companion 
cells with nuclei n), and thin-walled fibres. The sieve-tube 
serves to eonduettbe pvotoplasmleand proteid, materials* while 
the eompaniou cell seems to help the stevo'-tube to discharge 
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its function. The companion cell is so called because it is 
fomed along with a sieve-tube cell from the same mother-cell 
of the procambium ; this mother-ooll divides longitudinally 
into two, one becomes large and wide and goes to fuse with 




Fifr. 300. Lonpitudinal Bcctioii of a Picot btem (part only). 


the upper and lower cells similarly formed in the same row to 
form the sieve-tube, while the other remains as a narrow cell 
with abundant protoplasm and lars© nucleus— this is the 
companion cell. The sieve-tubes with their companion cells are 
the first formed elements of the phloem. They constitute the 
proitrplihem ard carry the nitrogenous food-matter for the 
young organ, the caibohydratc food-matter feeing conducted by 
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tba parenokynaa lyiog about the buadle and in the xylem and 
phloem. Later on other sieve^tabes v^rith their companion belli 
are di<fereutiated> and also elongated phloem proaenehyma 
and parenchyma vrhioh are all thiirvealled cells. In many 
oases in addition to these soft ele mentis there are formed 
thick- walled fibres, called ba^t-fihreSf in the phloem which 
serve to protect the tender soft~pkhdtn from tearing stress. In 
Sun-ttower (fig. and other woody herbs the bast^&bres, or 
the ftard-bast as they are collectively called, lie on the outside 
of the soft phloem or Bo/Hast. The bast-fibres are not 
present in very young stems but are fairly oommoa in the 
adult organ, especially of climbers and annuals (JutOj Hemp/> 
'They are very long spindle-shaped cells with a thick wall 
of cellulose which in many oases beeome lignified and hard. 

The following is a summary of » the tissue-elemeats pieseat in the 
primary Dicot bundle.— 

1 . Xylem, near the centre of the stem or the medulla — 

1. Pbotoxylem, occupying the apex of the bundle, nearest 

the medulla, consisting of spiral or annular trachem. 

2. Mbtazylsm, the rest of the xylem, consisting of 

(a) , Vgssdls or tracUete, pitted, reticulate etc. 

(b) . TraduideSi vasiform or fibrous. 

( 0 ). Bardiicf^ma, small regular eelJs. 

2. Phloem, towards the cortex — 

1. PauTOPHLOBM, consisting of narrow sieve-tubes and 

companion cells. 

2. Mktaphlosm, the rest of the phloem, oonaistiugof 

(a) . Wide shtfe-MdS with 

(b) . Companum ctUs and other elongated cells. 

(c) . Basi or thick- walled elongated cells which 

constitute the bard- bast, the other parts of 
the phloem being sefi bast* 

3. Cambitiiir, the meristematic tissue lying between the xylem and 
phloem, consisting of row of small thin-walled regular actively 
ibvidiug cells, 
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. primary tissue of a young Dioot stem mny be sumuiarisaf^ n» 
l^elonr.— 


Permatogea Periblem Plmoikie 

Epidermis Cortex, or ^le 

Extra steiar tissuee. ^ 


Hypodenna Cortex Phloso* lutra afcelar Bundle. 

(Oolleaobymay proper terma tissues, j 

IVricycleT^ liedtillary rays. SieduUa. Xyiein Oambiam PEloeSr 


Spiral 

vessels 


Proxy lem. I^etaxyiem. 


Annular Other Tm* 

vessels vessels cheides 


Protophloem 


Metaphloem 


Sie ve- Com pa* Piiloem- Bist 
tubes, uiion oells^ paren- flbim 
ohyma. 


The primary tiseuea of a Monocot stem may be 
observed in a thin tmnsverse section of a young Grass stem 
or that of any herbaceous Monocot The epidermis forms 
a continuous layer of rectangular cells with a cuticle on the 
outside as in DicotSi but the arrangement of the other tissues 
is very different. The bundles are sca^tm^^d in the ground 
tissue» not in a ring as in Oioots ; they are also not wedge- 
shaped as in Dicots but have an oval outline in cross-section. 
Owing to the scattered arrangement a weU-defiti^ pit is 
not seen* and the intra-stelar and extra-stelar fundamental 
tissues cannot be distinguished ; neither cart the medullary 
rays. (See fig, 301.) 

Below the epidermis lies the cortex ; this is not a uniform* 
ly soft parenchyma but consists of isolated strands of scleren- 
ohyma separated by patches of green parenchyma. The 
reason why the hypodermal selerenobyma is formed in the 
Monooot stem and not as a rule in Dicots is that the latter 
soon form a continuous ring of hard ^ood through tiie aotivitf 
of the cambium and this wood enables the stem to remain 
erofsty whereas in Monooots there is no cambium in 
bunales ftud so the wood is not formed and can 
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oirijr b« made sHK vHb I3ie Mp of ^eoluHtfeal or strongdien- 
ing tiBsdes^tiioBfl are (bo solerooobyma irfirsnda 

4j 

The cotitnx forms s rery tldii zone ; inwards it merges 
into tho large-oellod pi^ro^obyrn of ^o stele, aed the 
bundles are found scattered far is Ibe tiypodermai region. 
This is because the sl»»le of Monocot stem forms a very 
wide cylinder, stretching so fair out as enter tissues, so 
th?it the cortex is comparatively a thin zone* A phlcsoterma 
is not distinguishable, and so too the perioyede of the stale, 
though in the trailihg or lo^vbr part of the stem a rtiig 

Pig. 301. Fig. 30^. 



Fig HOI. OrodS'S^otion o( a typical Afooocot steic showing the 
scatteWnl arraugement of the nomeroue bundles. Fig. 302. Cross-Bactiou 
of a Palm-stetik showing the bundles arranged in several concentric rings. 
Note the sclerenchyma patches in the outer cortex. 

Of tissue may be seen surrounding the region of the bundles. 
From this ring adventitious roots first begin to develop. 

The atele is diffjprenttated from the plerome as in Dtoots. 
The prooambium strands develop into bundles which iwe 
olteh present in large numbers ; they are ^ scattei^ in the 
ground tissue and hence do not enclose a well**defined pith, 
nOr arc the -sUiedullaryrays differentiated* The pericycle, 
ba^evef/ is^pi^ bu^ is not often distinguishable from the 
15 



m ULEMENTA^Y BOTANY 


^^round thsue in which it is merged, though in some cases 
it is developed us a ring of selerexichyma. 



Fig. 303, CroBg-BCOtion o£ a Monooot bundle (highly magoified). > 
The bundle consists of xylem (g. g. s. r. i), phloem (v. t,), and the ' 

sclerenebymatOQS bundle-sheath (the thich-walled cells) surrounding 
the xylem and phloem, p, thin- walled parenchyma of fandauEMmUil 
tissue* » The xylem consists of : g, g, two large pitted vessels ; s, spirally ^ 
thickened vecn^I ; r, annular vessel ; 1^ an air containing cavity, and the 
smaller parenchyma. The phloem consists of v, v, the sleye* 

tubes, anMhe smaHer companion oells near them« 
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fiaeti bimdie eeasistn of xfiaiA facfog o^nf^re of i^e 
stem and phloem facing the oortexi >at t&a Mosooot bundle 
differs from the Dicot bundle in mariy points. In the )lr4 
place there it no cambium, to that a bundle onee fully 
differentiated from a prooaml^iuih stmud cannot grow sub- 
eequently^ Sooh a tmndle ia eaid to be cloeed, at oppbted 
to the Dicot bundle which poiteaMs cambium and is hence 
called open, ^ear after year new xylem and new phloem 
are formed by the cambium of the open Dicot bundle, to that 
it grows oontihuoosly, but the closed Monooot bundle cannot 
grow further. It is for this that Dieot stems continually 
grow in tiiickness ; Monocot stems do not do so, they aVe 
columnar or cylindrical throughout. And 5accnidly, each 
bundle is more or less sui^punded by a thick sheath of thick* 
walled fibres or sclerenchydia (fig. 303)— this is called the 
bundle- sheath. This eclerenchymatous bundle-sheath is a 
characteristic of the Monocot bundle. It serves not only to 
support the delicate tissues of the bundle, but also foims, 
along with the hypodermal sclerenchyma, the system of 
mechanical tissues which makes the plaWt rigid. Bach a 
sclerenchyma-sheatb is absent in the Dicot bundle for 
obvious reasons. The Dicot bundle grows coutinuousiy in 
thickness, so a rigid sheath like that of the Monocot bundle 
would be of little use and would soon bo ruptured, if present, 
and further the cambium itself produces, along with the coiir 
ducting elements of the bundle, some fibres, such as the bast 
fibres of the phloem and the fibrous traoheides of the xylem, 
which act as the strengthening tissue. 

The xylem of the Monooot bundle is V-shaped in cross- 
section. The apex of the V is turned towards the centre.of 
the stem and is occupied by a few spiral and annular vessels 
or tracheiB. These constitute the while the 

nh6ta-W!ffem occupies the two arms of the V. The first 
formed vessels of the proto-xylem is often torn during giowth 
so that a large intercellular space (lysigenic, p. 210) is foun(f 
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ttt this p»tt, Bftob ana of tit« V £|i aanrlEed bjF a «i»ghi vMry 
wida Tesad wi& spiral or r^oalato f^nkAniags. Befcv^ 
the two wms lie several aerrow Teasala apd’ <fxa^ides (in 
moeri) Grasses), or simply the phloem (in many lltmOoiMs).'' 

The phloem lies either betwMn the two arpa oi the 
xyleai or a little away from it. It forms a oompaimtively 
small roundish patch, and oonisirte almost entirely of sieve* 
tubes with their companion ceils. . 

The following table gives a comparison of the primary 
tissues pf young Dicot and Monocot stems. — 


Dicot Stem. 

1 . Bpidekmib, a Bingle layer, with 
CQtiole oh the outsider. 

*2. Cost EX, a very wide *one, con- 
sisting of— 

A. An outer collenchyma 

B. Thin* walled green paren- 
chyma 

c. Innermost layer of 

phlceotei’ma 

STfcLK with bundles arranged in 

a riag, consisting of 

A. A ring of iMsncyclc on the 
outside 

B. A medulla in the centre 

c. Medullary rays between the 
bundles 

4. Bundles, wedge-shaped, oix*n 

A. Xylem 

B. Fhlocm 

c. Cambium 


Monocot Stem. 

1. SPiDasMiB, a jingle layer with 

cuticle on the outside 

2. Cortez, a thin zone, consis- 

ing of— 

A. Outer sclerencbyma 

bundles 

B. Thin-walled green (^ren- 
cbyma merged Into the col- 
ourless stelar parenchyma. 

3. Stblb with bundles scattered 

in the ground tissue, with 

A. Fericycle not very distinct 

B. Medulla not distinct 

c. Medullary rays not 
present 

4. BUNOLisa, cylindrical, closed 

A. Xylem 

B. Phloem 

c. Yasculav bundle-sheath 


The bundles of the stele are called vascular bundles bf cause they 
congifct mofctly of vascular t iesv-'s and so must be distinguished from 
the ECU'] enchyma bundles which are often found in the cortex. The 
vascular tissues of a bundle are, however, often as^ciaud with fibrous 
cells, as the bast fibres of the phloem and the hbrous Uacheides of the 
, zyUm in the Oicot bundle and tbe fibrous bundle-sheath of the MonocM>t 
bundle, and hence a vascular bundle is also called a fibso-vatcular 
IBucb a bundle is not a simple tissue, but is made upo£ 
*.severi^;;tlejBuea : (1) the trachelde and tracheae constitule the epndubt- 



tiiM^ lor 00(1 row from the oot^ ($) the 

s^re«tobe« oii^ eomfotiiioii eeUa ootuloet dtie% ihe wrogemma mottera 
pa^ptkxed^ by th^fc f (^) the ^brmia arrve streiigtlieii 

the bao^hw lihd the plant. The bf the 

miiih ^itonatitoehta df the boxi#lj9a« . 



The Primaiy tissue of a Dicot wot may be seen in 
‘ cross’seotion of a young root. 1 he three primai’y tissuesj the 
epideimisi the cortex* and the stele are derived from the 
three primary meristems as in the stem. But^the epidermis 
here is not a protective layer as in the stem ; it is an 
absorbing tissue) ar d is often called the ^pibkm^ The cells 
contain a thick lining layer of protoplasm . Their walls are of 
thin eelluioG^ membrane and readily absorb water from the 
soil. Here imd there celts are dWwn out into long tubes 
called wot*hair||>hence the layer is also called the pAifftous hptr 
{see fig. fi05). The root^hairs serve to increase the absorbs 
ing surface of the root. The epibleift is only short-lived* 
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It penMa only in young foot, «t tlie region of tlie 
hatm ; and a« the root elongates tie older hfin die ^ ae 
new onee are fonned towards tiie tip, and so 
tom away in die older part ol the root. 



Fig. B04« Traneverfie eeotion of root ot the Bean ebowing oHgin 
Of lateral j'oot from the perioycle. c, tbe primary meridtem of the 
cmbryo-i^tlet ; e, cxidodeimiB ; m, cmtral parenchyma, ph, phloem ; 
X, xylem. 

Below the epiblem is the zone of cortex. The cells, like 
those of the epiblem, bavo thin cellulose walls lined by 
protoplasm. In tbe outer layers tbe cells are in close contact 
but intercellular spaces are present more internally, In the 
older part of the root, a little away from the f ogion of root- 
hairs, the outermost layer of the cortex continues for some- 
time to produce hairs foi' aj^sorptiou and thus becomes pilifer 
ous. But this too is short-lived, the outer cells are torn away 
as the root pierces the soil, and then the cortex forms on the 
^outside a firm layer ot cells which acte like tbe root^epildermis 
and is ealbd the exodeimis. It may also become sub^rised 
and , form a continuous px*otective layer impervious to 



'Hw iraier 0t tbe aort«x gSMhM&jr 

ftitekM rateroe^oW 

•paecfl. Ibo^ii^enBaosI Wer of iiliMt «iu«ik 



806. Oroag>8ection of a OraM-raot (oofr-tonrth) — onljr four 
zylem and witbtbem alternating four phIo6m bundlee (b) are — 

Bz, ezodermie; pi. piliferoae layer; rb, root haira; 0, Qortez; B, 
en^ermia ; B, the nedalla. 

munediately Burronnda the atele, is a very piominent 
featore of the robt ; it is called the Midodefinia. It forms 
a siltgle layer of close-paohed cells which shot off the oonditot* 
ing tisBoee of the stele from the airoontaiBing ooiiteju It is 
ttsed for the storage of food and sets as a ntitritiTC htyor in tiie 
fornatioa of latt^ roots. In the older part of foet llie 
ooter oortioal la^^s are more and more ea^pliated. p» 00080- 
<{oenoe of growth lie thioknees of tiae ros 4 <ftod: t^ edls of* 

l^e endoderm divide to form the hart eeerky leoyeriog for 


ttw root *1^ ondoieroii* {o(M* '4^. lilRor lii^ <oi ifco 
oortox. It n often -^IstingniiAl^i A. atM^’-«» 0 t«iRii|ig ■ 
ahewith nroiind riie «tel»> . 

Ilw aldb innnata of a sonO on tbe ot^bi^ 

ntid the bofldlea ; tbe pHfi ia often nbaenlv !|l^ rea^. te 
th^ thi; atele of the root ia developed c»iiirip 0 taUif, toKftitde 
the oentre or. ^e exia* end not emtrifvtaSit or away from 
tile axia as in tiie stem. The ateni mnat be rigid and (Suwt 
be oapaUe of resisting bending atraast and hmoe tii«,%sfd«r 
tissue mnnt be plaeed near tfae eireumferenoe, as. far away 
from tile oMitre as posable, leaving a soft parenehyma or 
pith in thie centre. The root, on the eoi^rary, most 
bend continoally this way and that and seek sources of 
moisture in the soil ; it must be flemble, and so the harder 
tusaea (xylem) of tiie stele are formed<towarda the centre. 
This arrangement gives the necessary degree of flexibility 
to the root The pericyele enoinding the bamSes forms 
a tiiin layer of parenehyma, often a angle layer of cells, 
whiiA is chiefly ooooerned with the production of lateral 
roots (fig. SOi). 

The btindllee ' of the root are arranged in a ring as in a 
Dicot stem, but they are very different from those of the 
■tero. The xylem and >(4110601 lie not one behind the otiier, 
on the same radial line as in the stem, hut sidewise on two 
different rad! of the root Henro they are called rstdisd 
bundiea (as opposed to the colhkteial bundfes of the stem), 
the :(ylein iuid phloem forming separate *atiands radially 
disposed and alfernatiog with each o^r (figs, $04, 

The xylein portions form separate' ladiid platoi 
ing with an equal numlmr of isolated tilrifa of phioMii; 
The number of xylem " r^e (or an^ 's) typai^ly twoi 

thrMy,. four,, rarely man’, tiley nfti^- in the omitm 
pHh. (fig.'SOfl). liaeh xylw itMIr hegiih ' diiff^^ 
tMM iNvricy# 'iidvamMik>itiwi^' ti» 
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m 


oeotrd, so tbat the prosoxylebi elements (fi^. 30^) He 
near the pericyola and the metaiylem lies innermost tovrardi 
the axis. The primary bundle of the root thus develops 
oemtri-pMUpt j*eo from the outside toarards the centre* This 
is just the opposite of what ooours in the stem where the 



Fig, 30G. Crosg^eotion of a yoang Dfoot root — dlar^h or two^rayed. 
B, endodermis ; pr.x, protoxylena ; Pb, phloem ; C5a, eambinm ; x, zylem ; 
pc, pericycle 5 do, cortex, 

bundle develops centri-fugaHy (see p. 232). The xylem and 
phloem consist cfiidfiy of vessels and oonduoting parenchyma. 
Mechanical cells such as bast fibres, wood fibres* and 
sclerenchymi are not formed in the root. 

The Monocot root differs from the above mainly 
in the presence of (l) a larger pith, and (2) a mo^ larger 
number of bundles. The xylem rays of a Monocot root do 
not meet in the Hlptre. It, should be noted that the 
bundles are insatlilllHjb the Monocot stem, but in the root 
they are arranged in a ring as in Dicots; farther there is aa 

— - . 
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endodermis in the Monocot stem, while it is always present 
ill all roots — Monocot or Dioot, and very promitieiitly in 
Monocots. 

Monocot roots do not generally grow in thickness like 
Dioot roots, iiid hoiico the endodermis is never ruptured. 
It is prosoiib as a very firm layer even in old roots, and then 
its r.nlial and inner w ilU are very strongly thickened (see 
fig. 30o). The cortex also is not exfoliated as in Dioot 
roots but in older parts which have shed their root-hairs 



Fig. 30f. OiOHs-BOOtioTi of a Monocot root (poLyarch or inany-rayed) 
— showing the radial bundlrs, the thick- walled endodermis s, and the 
pith m; i)h, the phloem ; g, the inetaxylem ; p, the protoxylem ; ft, the 
endodetmift ; pc, pcricyclc, 

the outMinost layer of cortical colls become converted into 
a pro<^fcive layer of thick-walled cells called the exodermia 
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Origin of Bccondary roots. --Branolies of tha root take 
their origin from the perioycle of the parent root. The cells 
of the perioycle just opposite a xylom plate> or between the 
xylem and phloem strands* divide and form a small mass of 
menstem which gradually protrudes out (as shown in fig. 304) 
and grows and differentiates like the primary meristem of the 
root as described on p. 209. The small root must break its 
way through the whole thickness of the primary ooi-tex of the 
parent root (fig. 304). Thus secondary roots have an end^tgenous 
origin. And as they first arise just in front of, or on the two 
sides of each xylem ray of the parent root, their number is 
either equal to or double the number of bundles present in 
the parent. Outside they form straight rows on the main 
root, equidistant from one another, or in pairs of rows, 
accordingly as they arise opposite to or on the two sides of 
the xylem plates. When well-developed the xylem and 
phloem portions of the main and the branch roots arc joined 
together. 

The Dicot leaf in cross-section shows the thiec inimaiy 
tissues, epidermal, cortical and vascular, specially modified 
in a manner characteristic of the leaf. 1 lie epidermis forms, 
as in the stem, a continuous layer of close-packed cells, 
rectangular in cross-scotion (fig. 308), but it is specially 
characterised by certain pores or intercellular spaces (S) 
called stomata. The outer cell-wall is thickened to foim a 
cuticle and hairs may be developed in addition. 'J'hc stomata 
are developed more on the lower surface of the leaf while 
the upper surface which is exposed to the sun has a tendency 
to develop a thicker cuticle or cutinised hairs. The cortical 
region of the loaf consists wholly of parenchyma filled with 
chloroplasts and is hence a chlorenchyma. This is commonly 
called the mesophyll. It consists of two distinct pai-ts, ru,, 
(1) the palisade par enchpna and (2) the spongy panncliy^^^ a. 
In the normal leaf w hich is dursi'ventral^ with its two surfaces 
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{wditg tba b 1[7 and tAe earth reipefliKveljr, the ^kade tnane 
oowDieB the upper part directly the upper epidennia> 



Fig. 808. Diagrammatic croBs-section of a ieal, .the epidermif 
with the eoticle on the ontside. P, the palieede parenchyma. Sgi, 
spongy parenchyma* The elliptical structure in the centre is a bundle 
surrounded by the bnodle-sheath containing starch. 

and the apongy parenchyma the lower portion of the meso- 
pbyll. The palisade parenchyma consists of rectangnlar cells 
elongated at right angles to the surface, and pached closely in 
rows so as to leave little intercellular spaces (F), The spongy 
ro^pbyll i^p*) consists of cells irregular in outline and vel^ 
loosely conneetedi so that large intercellular spaces are left. 
Larger cavities called respiraitjty cavities (B), occur below the 
stomata. The palisade tissue is the assimilating tissue of the 
plant ; the spongy tissue constitutes the ventilating system 
of the leaf* the interoellblar spaoee of the leaf oommunicatiiig 
with the mr through the respiratory cavities and stomata. 

dlSei^afistioti of the mesepliytt into an upper palisade and a 
ewer i^ngy tissue is due to the diBeranoe in.expQsmw to light* The 


t>tOOt LBilt *»»; 

upper dirpeli Ifglit wMeb penHruitiM tlie kuf to it 4iiMin 

fxtettt and heated than the lower part. Oontetitteiitly 

the cells of tWwpfSt hhli of the tnesopfayU are to loniied that they 
abso^alLthe' aeafhililw anioa sawllght paneiratingf the leaf by 
being as waptufA ai possible. The cfaloropiafets plaee tbeme^ves in 
line with the light fays (jsee fig, SOS p). The lower portien the 
mesephyll leoitives only the light whloh is not absorbed h^ ^the upper, 
and since this is almost negligible, the nnmber of ehloroplasts in the 
spongy cell^ is newsr large. This inftnenoe of lic^t is heift seen in atifi« 
leaves' and ^ahada-laavaa. In many plants which ^re in open sonny 
places the palisade is very pronounced, ocenpying more than hail the 
mesophyli ; either the cells are very long, or the palisade tissue itseH, 
is made up of two or more tiers. The spongy tissue is oorrespondiogly 
less developed. On the contrary in shade plants the palisade is nht 
very consplonons, neither are the cells so^hmg, and the spongy tissue 
makes up the major portion of the mesophyli. It is for this that ite 
foliage of shade plants is far more tender and soft than that of plants 
which lire in the open, ^un-leaves are thicker, for the|r*praotical]y. 
absorb all the light that fall on them : they have a thfi^ palisade. 
Shadedeaves ate thinner and greatly expanded, for they have only disuse 
light to absorb and for this a greater snrfaoe must be exposed. 

The vascular bundles of leaves are repeatedly dividdd» 
for every pait must have water carried to it. The repeated 
division and reticulate arrangement of the veins also serve 
to support the greatly expanded tender parenchyma of the 
leaf. ISach bundle has its xylem turned toiyards the upper 
surface, pouring its water to the host and Hght'absorbiiig 
and assimilating cells of the palisade, and ^e phloem near 
the spongy parenchyma. The mechanical cells are mostly 
absent. Tbs xylem consists mainly of spiral vessels and 
trachetdes ; the phloem of sieve*tubes and companion cells. 
The nerve^ends ' or the smidl veinleta are still further 
reduced, there being only a lew spiral vessela surrounded by a 
conducting parenchyma, and no trace of the phloem dements. 
The larger bundles are sunuunded by a sfamith of paren* 
chyma, called Ae cmiuctini skeath, which conducts the 
carbohydrates, the xylem <^rrying v^r and the phloem 
<^y the dbumtnous matteira. 
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The stnictuie of a Monocot leaf agreea iu the main 
with that of a Dicot In fact all dorsi’ventral leaves* ue,^ 
those presenting their two faces to the earth and the sky res- 
pectively, have (1) an upper and a lower epidermis with an 



Fig. 309. Close- Beet ion of a vertical Grasb-lcaf. 


external cuticle and stomata mostly on the lower side, (2) a 
mesophyll differentiated into the upper pjilisade parenchyma 
and the lower spongy parenchyma, and (3) the vascular 
bundles traversing the mesophyll. In the loaf of a Monocot, 
however, the bundles are characterised by a thick scleren- 
chynia sheath, (fig. as iii those of the stem. Some- 

times the fibrous tissue (sclercnchyma) .surrounding the xylem 
and phloem extends to the upper and lower epidermis and 
the bundles thus act as struts or girders supporting the 
soft tissue of the mesophyll. In many cases strings of 
sclerencbyma (JS) run just below the epidermis, often 
parallel to the bundles, and give the nooessary mechanical 
rigidity. In such leaves, as those of Grasses, Lilies and 
other Monocots, which are not dorsi- ventral but more or less 
vertical, the mesophyll is not differentiated into an upper 
palisade and a lower spongy tissue, as in ordinai 7 leaves. 
In these vertical leaves the epidermis on both sides shows 
similar structure, both bearing stomata, and the mesophyll 
has a middle spongy tissue bounded on both sides by a 


MONOOOT L£AF 339 

p^ilisacle, as sho^u ia fig. 309. Saoh leaves are hence said to 
be isolateral The veins of a Monooot leaf ran in parallel line ; 
they can not support the ample parenchyma of the large lamina 
and so the aolerenchyma strings are developed just below 
the epidermis to give support. Each bundle contains an upper 
xylem and a lower phloem# is surrounded by the aolerenchyma, 
and the whole enveloped in a parenchymatous bundle-sheath 
(fig. 309 P) which conducts the carbohydrate matters. 



Kig. 310, Surfaci*^view of the epidermis of a leaf showing stomata S. 

The epidermis, as has been seen, is a continuous layer 
of cells covering ail young organs. It is differently formed 
at different parts. The root-epidermis or the epiblem is an 
absorbing tissue ; it produces root-hairs and is soon lost and 
replaced by the exodermis. The epidermis of the stem and 
leaf is a protective layer producing the cuticle and hairs on the 
outside and also possesses the ventilating pdres called stomata. 

The stomata (nng, stoma) are boles or openings in the 
epidermis. They are special intercellular spaces between 
certain ceils of the epidermis, called guard cells, which 
regulate the opening. Below the opening occurs an empty 



MO ELfiMENTART BOTANY 

«ir spaoet called reifdratarp cadty (p* 236). The guard'oelle 
are elliplioal or somewhat cylindrical cells, bent id such 
fashion that they join broadly at t^e ends but are free at the 
middle as shown in fig. 3 1 OS. In surface yiew each stoma 
looks like the human eye. The walls of the guard-cells are 
thickened* except that which joins each to the epidermal 
cells (fig. 308) so that they can move as if on a hinge. Guard- 
cells are always living cells full of chloroplasts and starch 
grains, and in this they differ from the epidermal cells 
generally, for the latter are often dead and empty. 

The function of a stoma is to permit the entrance and 
exit of air into the plant ; it also serves as the passage 
through which the plant gives away to the air the excess of 
water which it contains in the f(Hin of aqueous vapour. But 
this egress and ingress of gases must neither be too rapid 
nor too slow. i.a., must be controlled according to the require- 
ments of the plant. The function of the guard-cells is to 
regulate the opening or the diameter of the stoma. They 
move so as to narrow or widen the stoma, and this move- 
ment is regulated by light, humidity, and air-currents. As 
a rule stomata open in strong light and close in weak light. 
The guard-cells are very sensitive to different intensities 
of light, and they open just as much as is necessary for the 
plant under a certain degree of illumination. During the day 
the stomata arc open more or less ; at night they are closed, 
the guard-cells falling like eyelids. 

Stomata oocar in green parts ot plants, but are most 
abundant m leaves. In ordinary leaves which spreail flat or 
horiKontally (dorsi- ventral leaves^ more abundant in the 

lower epidermis, while in vertical leaves, snch as those of many Grasses, 
they occur equally distributed on both surfaces. In firm, horisoatal, 
shiny leaves, such as those of Banyans^ Mango, etc. they oocur only on 
the lower surface while the upper surface has a very thick cuticle with 
or without a waxy coat or bloom. They are absent from sabmerged or 
. naderground (scale) leaves In floating leaves, such as those of Watlr- 
lily^ Lotus, etc. they ooettr on the uppisr surface alone, 



chapter xm 

SECONDARY TISSUES. 

. . , ' ' 

Gfowlli lit titicktieas o( DIcot i^ter 

oompleti^n ci the primary tiaeuea of e I>i<xi^ iMm* 
tissues called secondary tissues make their^ppeararioe. They 
are formed by secondary meristems whieh develop in the 
parenchyma as a result of the oontimted activity of the 
cambium. The oiunbium belonging to the bundle is tl^e 
primary cambium ; it is called the fa^eicuhr cambium (from 
fascicle bundle). Its cells divide > rapidly and the new 
cells cut off continuously towards the xylem and phloem 
sides become eventually transformed into newer elements of 
the xylem and phloem respectively/ Thus the mass of the 
vascular wedge is gradually increased. A new cambium 
soon arises '"in the medullary rays. The strips of the 
primary medullary rays l 3 ntig between the cambium tissues 
of successive bundles begin to divide their cells and thus 
assume a meristematic character. Thus arises the secondary 
meristem in the stele forming short strips called Inter- 
fascicular cambium layers which join the cambium of the 
bundles «and so form a complete cambium ring (fig. 31} B). 
The latter is thus composed of two distinct meristems^ 
the fascioulir cambium is the primary, while the inter*- 
fasotcular cambium is secondary in origin. This dhmbtum 
ring cuts off cells both iiiside and outside ; those cut off 
inside towards the xylem go to form the saoondary xylem 
or wood? while those produced op tjhe outside beeomd 
developed as secondary phloem o^4>a«t. 

The feMScieiilar cambium prodrome : (!) secondary xylepi 
tissues on the inside, (2) se^ndary^ Jddoem tissues on the 
liS 
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►outdide, vrhik (3) at oortain points living paronohyma cells 
are cut off which are not either xylem or phloem but form 
radial plates of parenchyma. In fig. 3 U C such plates are 




Fig 31 1. Diagrams shovving secondary growth in thickness. 

A, — the primary, stem with the primary tissues; B, cortex; M, 
medal )a ; x, xyiem and p, phloem B. — primary stem (older) beginning 

to form secondary tissues ; fc, fascicolar and ic, inter-fascicolar cam- 
bium joining to form the ccntinuoas cambium ring, C. — The upper 
half shews the secondary tissues formed from the eambium^ring ; x, x, 
the proto-xylem elements f<ir cuing the medullary sheath (y) ; ih, 
se|M»ndary wood ; p, secondary bast ; b,b,b, primary phloem ; ifh, ifp, arc 
afwi hast, formed by the catnbium ring. 
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shown as dark lines or rays traversing i^fae bundles now 
augmented by the secondary xylem and phloem. These 
rays are termed the secondary medullary rays. They 
serve to supply the inner tissues of the bundle with plastic 
matters formed in the oortex> and also to carry water to 
the outer cortex from the xylem, thus placing all the tissues 
in communication. 

The Inter- fcMcicular cambium at first prepares new 
secondary bundles in the primary medullary rays running 
between the primary bundles. In a short time many such 
secondary bundles are formed and soon the whole system of 
vascular tissues becomes a compact ring and then there is 
no difference in the action of the fascicular and inter' 
fascicular cambiums. In a « grown up Dicot stem this 
vascular ring appears split up into numerous thin wedges* 
as shown in fig. 311 C, separated from one another by 
thin strips of the secondary medullary rays. The first 
formed primary bundles at this stage and afterwards arc 
driven into the central pith by this growing ring of wood 
and then appear to form a sheath round it* termed the 
Medullary Sheath. 

Elements of secondary growth. — The tissues which 
comprise the secondary xylem or wood of Dicots arc 
wide tracheides with bordered pits, (2) wide vessels!^. 
trachesB w’hich aie usually of the reticulate or pitted type, 
(3) wood'fibree or elongated fibrous tracheides* and (4) wood 
parenchyma. On the whole these elements are bigger than 
those produced in the primary bundle. Those which 
constitute the 6eoondai*y phloem or bast are : — 0) sieve- 
tubes with companion cells, and (2) bast fibres or elongated 
sclerenchyma cells* and (3) bast parenchyma or small thin- 
walled living cells. The sclerenchymatous bast fibres form 
what is commonly known as the hard hast, as distinguished 
from the sieve-tubes and companion cells which form ibe 
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soft bast, Befiides these secondary tissues tSe osmMuiH 
ring also produces the radial plates of parenohynsa^^tlke 
secondary medullary rays. 

In Pines secondary growth t&kes place exactly as in 
Dicots but the whole mass of secondary wood consists o! Tasr 
lorir and fibrous tracheides with bordered or scalariform pits. 
True vessels or tracheas are not developed. The seoom^ry 
inedultary rays consist not of small-celled parenchyma as 
in Dicots but mainly of radially placed tracheides. The 
secondary phloem has no companion cells but only sieve- 
tubes and bast parenchyma. 

Annual ringa — The activity of the cambium ring 
depends upon the season of the year. In springi the period 
of active vegetation, the roots absorb a large quantity of 
water from the soil and the leaves evaporate a corresponding 
quantity. Consequently the secondary wood produced by the 
cambium in spring consists of very wide vessels dr trachew. 
These wide xylem tissues are better adapted for a rapid and 
long-distanced transport of water. They form the Spring- 
Wood, Late in the winter of the same year the cambium is 
less active, is sometimes entirely dormant. This is the- 
period of least vegetative activity, Leaves fall and buds 
remain dormant. Nor is there much water in the soil, and 
the roots are not so actively absorbing water. The elements 
which are added to the wood by the cambium at this period 
are not wide because they are not much required to conduct a 
large volume of water : they are hence fibrous tracheides and 
dense close-packed parenchyma, or at most bordered-pitted 
tracheides. All these tissues are dense and stand out in 
sharp contrast to the looser wider elements of the spring 
wood, and form what is called the late or autumn wood. Thus 
in each year there is produced two layers of xylem tij^es, 
one lormed during autumn or winter consisting of denser 
BiDyibner elements, and the other formed during the spring con^ 
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wktor and bigger dtiSmer^. Ip a etem eeveral years 
old tiiese kyeia regdlarly alternate and form oonoent^o Tings 
called egmiial tinge* 


In a thick stem or tke 4ronk of a tree the 
inner older {lart of the wood generaily dies and ceases 
functiooiiig fm the water ooodaoting tissae ; it beeomes 
harder end dimer than the outer part* and uauaUy becomet 
distincfiy ooloared hy Tarious mattersi such as ^tinins» 
gums* It is then called the duramen or hearlrwoodin 
oontiast to the alhumum or the 8ap*woocl->the still aetim 
softi and light^loured later annual additions. The inner 
layers of the alburnum gradually 
traiisfonn into those of the duramen 
as years pass on. The cells of the 
durtuneti are protected by. resinous 
matters with which they are filled. 
It is the presence of these coloured 
and resinous substances that imparts 
to the wood its ‘ timber , value.’ In 
some Dicot plants* however, the 
duramen though dead is not coloured 
or filled with any gummy matter. 
Such wood is vary soft and prone to decay, and has really 
no timber value ie.g, Saiina), while again in others there 
is no formation of the duramen, the whole eood being 
living. This is known as the splini-wood* 


WM 


I 


Fig. SIS, CroBS-Bcc- 
Uon of a thick Mango 
stem showing annual 
lings X 10. 


Secondary growth in ^roota. — Itoots of Dicots and 
Pines usually grow in tliiCKnoss like their stems. The 
bundles of the root are radial and have at first no cambium. 
Gradually the part of the stelar parenchyma lying inside the 
phloem strands become meristematic by jponstantly dividing 
their cells, and eventually form a continuous layer of cambium. 
This, ^ shown in fig, 313 C, i^ al; first sinuous, the separate 
pimbium layers originating inside the phloem being united 
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behind the xylem strands* This oarobium tissue differs from 
that of the stofn in being entirely secondary ; here is no 
distinction between the fascicular and the inter'^fascicular 
portions. But like the cambium*riDg of the stem the 
sinuous cambium layer of the root produces secondary 
bundles just in front of the primary phloem as shown in 
fig. Si 4. The secondary phloem or the bast (fi) lies in 
contact with the primary (P), but the secondary xylem (W) 
has no connection with the primary xylem (X). Gradually 
as growth goes on the cambium looses its sinuous contour 
and becomes straightened out into a ring. Greater activity in 
the cambium gives rise to a complete ring of wood exactly 
like that in the stem) and the piimaiy xylem strands are more 
313. Fig. 3H. 



Fjg. 313. Young Dicot root bhowing secondary growth. K, the 
cortex ; V, a phloem bundle ; C, the sinuous cambium toime<l iu front 
of the four phloem bundles ; X, the primary xylem bundles (four). 

Fig. 314. Old Dicot loot. K, the secondary cortex ; P, the primary 
phloem ; B, the secondary phloem W, the secondary xylem formed 
from the cambium C ; X, the primary xyJcm. 

and more pushed towards the centre, if they have not 
already met there as shown in fig. 314. The further growth 
of this cambium and its products takes place exactly ag in 
the stem, so that a cross-section of an old root in which 
secondary growth has continued for some years can hardly 
be dUstinguished from that of a stem. But in the stein 



SECONDARY GROWTH IN MONOOOTS 247 

is always a pith, the bundlea being developed odntri- 
faga11y> while in a root the piimary xyletn tideasB are in^ the 
centre in the form of separate rays or plates. Further the 
wood of the root is softer and more uniform than that in 
the stem. For, olimatio yariatloiia which give rise to the 
annual rings ol the stem do not much affect the root, and 
hence annual rings or a hard duramen is hardly present. 
It is for this that the wood of the root is useless as timber. 
It is soft and easily rots away. 



2^8' “'miEMBNTAtir BOfAlJY ./ 

8tNii(dM)d and Btore> and ili'ao6n 

(p. 2%9) wbioh by active divkioo of ita oalte.loitiw a praNe^ 
tiiva layer of cork or bark on ^ otstaid^ and a Mcondbry ' 
liarMohymnlioaB oortox on the insi^ (tee b^w)< 

In Monocots there is no seeondary thiekenit^ hpmm 
there is no oambinta (p. 2S7). ^ In Palms the primary 
tneTistem is oonsi^erably enlarged and henee the edumnar 
form of the stem. The thickness of Palm stems is duo enti- 
rely to the continued expansion of parenchyma cells already 
existing in the wide stele. 

Secondary thickening is known in only a few Monooots* 
such as Dracaena (Khun‘kharapi)i Yecca, and Aloa. The 
ground tissue immediately surrounding the stele begins to 
divide its cells, and so a new cambium is formed. In this are 
formed separate closed bundles, as shown in fig. 316. 

SECONDARY DERMAL OR SKIN-TISSDEvS. 

Cork and Elark — When the stem begins to increase in 
thickness the epidermis no longer affords sufficient protec- 
tion. For> in the first place, the epidermis is after all a 
delicate layer and is not consequently well-fitted for the 
protection of bulky organs, and ^secondly, as it is not much 
capable of subsequent growth it becomes soon raptured and 
tx>rn by the increasing growth in thickness of the stem. 
Hence when old the epidemis is replaced by a stronger 
dermal tissue or skin called the periderm or the cork- 
tissue. On the stem and the root it is formed soon after the 
secondary growth in thickness has readied a certain s^age. 
The oommenoement of its lortnatiom is indicated by small 
brown patches on the surface of the stem which gradudly 
loses its green colour, beomnea pale and finally is 
a brown layer. 

*1^ pcxiclpm i« deri76^ from a 

flpidannUf callecTtbe plielkifm or 
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Cambtcim* This <K>ii8iibi of a layer of kbiVvrrilati 
(fig. 316) aofefvely dividing wil^h abundant froto^ 

tilasmic oontanti* The celb by divistoo prodaoa radial royrt 
of cells of which the outermost cells are more Md more 
sviberised and converted into dead im^rvioos Qork'cells, 
The cells cut off on the inside, towards the oortexi however 
retain their protoplai^, become enlarged, and so oone^ilNd^ 

Epidcroxis ruptared 


Old cork cells of the first 
peridei'm together with ^ 
cortical cells. 


New cork cells out off 
on the outside by the 
new phellogen below. 


Phellogen dividing its cells. 

Phelloderm or secondary 
cortex together with 
sclereoohyma fibres in 
the iuner cortex, 

^ig. 316, Formation of Oork, Periderm and Bark, 

a secondary cortex called pheiloderra. The phellogen 
sooner or later ceases to divide, ami Itself becomes converhld 
into cork. The periderm is the name given to the tisetiea 
which originate from the phellogen. It iududas dork on the : 
outside and the living aecmndary cortex t cnr pheHoderm on 
the inside. 

$ 0 ^ 




280 fiLEME^PAl^f BOTANY 

Tlwooik oompriHinjf the ooA tfiMM an dtrats d«wl' 
and gennraHf contain only' air. They have a square w 
tahular shape and fit closely together without interoelhilar 
spaces. The walls are thoroughly suberised and may be 
extremely thick. This m ikes the layer impervious to 
^that loss of water is prevented and the inner cortical 
tissue IS well-protected from injuries, especially from the 
attack of fungal parasites. The cavities of older, thicker 
cork-cells are filled with yellow or brown substonoos (tannins 
and other waste matters).* 

In many woody plants the phellogen arises at a greater 
depth from the surface, in a deep-seated layer of the cortex. 
The cork-cells formed on the outside of this phellogen being 
impervious to water, they cut off all the other outer tissues 
from water-supply. These outer cortical cells consequently 
soon die and dry up, and together with the cork-tissue cons- 
titute the thick structure known commonly as the bark. 

Bwk is a very complex dermal tissue. A typical bark * 
comprises, in addition to corky layers, a variety of tissues 
which originally belonged to the cortex, phelloderm, or even 
the bast of the phloem. The first formed phellogen generally 
ceases its activity after a short time ».«. it is soon closed. A 
^nd deeper lying phellogen is however soon formed to 
keep pace with the increasing growth in thickness which may 
rupture the first formed periderm. After a time this new 
phellogen also closes and between the two periderm layers 
is enclosed a strip of the living cortex which, however, soon 
dies owing to want of water and food supply. Deeper still 
a third phellogen arises some time after, and in this way 
a. phellogen may spring even in the outer parenchyma of 
theph oera. All tissues lying 'outside the innermost layer 
of cork pr^uced by the innermost layer of the phslloien 
eventually die and constitute the bark. The outer dhad 

cells become filled with various decomposition prodaets and: . 



•ntfli waste issl^ie as Iwaifis, imc^]0i4si mtdi These bowever 
preserire the bark Ixotk Sbe aetipn o! deiEj^r^iTe agepeies/ 

The bark" of a plant comes of f in tbic||^or thin scMiles or 
Finge. Sotaettmee it can be peelec^off like a sheet of paper* 
as in the ^tiija^atra tree (Melahuca Im^miroh)* 

Leotice]a.^AB the epidermis is gradually replaced by,.^ 
periderm so the stomata are replaced by Imfkels or 
por^» They are boles in the periderm. They serve to 
maintain the gaseous interchange between the outside air 
and the gases present in the intercellular spaces of the plabt. 
They form yellow or brown specks on branches going to foriii* 
the peridemU Each lentioel takes its origin from a special 
phellogen layer forni^ directly under a stoma (fig. 3t7). 
Tkis phellogen does not cut off eork cells but certain loose 



Fig, 317. Formation of Lenticcl. 1. the ruptured ^pidemis ; 2. 
the phellogen giving riee to the loose cells that pack up the opening ; 3. 
cortical cellf. 

roundish cbUs* called complementary cells, which are 
distinguished in having intercellular spaces between them. 

^ The complementary cells press the epidermis outwards* 
finally rupture it* and then sligl Uy budge out Bat the loose 
cells of the complementary tissue are prevented from falling 
to pieces by firmly united layerjs of cells* called cfasinp hyer^ 
which the phellogen produces in addition from time to 
time# This lentioeHoming phellogen is. connected laterally 
to the ordtoary phellogen of the periderm* 
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Fa]] of leaves : — Leavea are periodically dbed epedaHy 
in those regions where a long hot and dry period follows 
the short rainy season, and also where the winter ie very 
odd and stops vegetative activity. In snoh places old leaves 
are shed annually and new ones are formed in the spring* 
^nt in districts where the climatic changes are not severe 
old leaves simply dry up and decay, the plants being 
never bereft of leaves at any time. Such plants are said 
to be evtrgremis. Herbaceous plants do not shed their 
leaves. The phenomenon of ‘ leaf-fails ’ is characteristic of 
certain deciduous woody trees alone (Shajina, Banyans, Silk- 
ootton trees etc.) When the north wind begins to blow 
and winter approaches the leaves begin to change odour, 
shiver in the cold air and then fall. The separation is 
brought about hy the formation of a tissue, termed the layer 
of upnraiim or the absciss layer, at the base of the petiole 
shortly before the leaf-fall. This tissue consists of a paren- < 
ohyma the walls of which easily separate by the ooriversion 
of the primary layer into a mucilaginous matter. As it 
attains maturity the tracheal elements are narrowed, the 
parenchymatous ground tissue surrounding the vascular 
tissues becomes all changed into the cells of the separation 
layer, and then the most trifling cause will split up its 
loosely held cells. The absciss layer cuts off the parenchyma 
of the petiole ^rom its base and then the slightest wind 
can break the shrivelled xylem by which the loaf hangs. 

THE CODEBK OF VASCULAR BUNDLES. 

Bundles that pertain strictly to the stem being differen- 
tiated in the terminal bud, and grow along with it, are 
called cauline bundles. And bundles that originate at the 
nodes and grow out horizontally or obliquely to the leaves 
and vertically down into the itim are called leaf-trace bundles 
or common hmdleh because they are common to the stem 
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and tibe laaf. The bnndle-eyaten lie 4^1^ # 
pJanta k «fliMnIly oompoeed of leaf kaeae iHtoM 'GkfliiBO 
bandlea are iound in Fern-lika pfauka. 

' ( u I ■ ' t 

Ia Dieote generally all the primary iHintftes 
bandlee* Prom each node they bulge 
rudiment and inwards towards the e^re 
They then pursue a direotbn dowhiyatds 
sjdes of the stem, pass down through more tiiaii; iMer 
node, and are arranged equidistant from the eeutrl tih^ arttet* 
section the charaoteristic ring-kht arrengemeat Is . 
observed. The bundles that proceed from the leftymi at^ 
particular node insert themselves to those that itm Ireih Ihe 
lower ones, and in this way the form of the Hng li maintidn^ 
ed. In a few Dicots the bundles follow a different eburse* 
Thus, in the Cucumber family the bundles though eU 
common are arranged in im rings (fig. 319) ; some form the 
Oldinary typical ring, while a few others bend more towai^S 
the centre and form a second irregular ring. 

In Monooots too the bundles are common ; in the stem 
they are never in a ring (as in Dicots) but scattered. In 
Grasses the bundles occupy only the peripheral part of the 
the ground tissue a. d the central part becomes hollow. In 
Palms, on the olher hand, the bundles are scattered over the 
whole fundamental tissue even in the centre (see fig. 302). 
The bundles of Palms are common. From the insertion of 
each loaf a number of bundles pass down the stem bending 
considerably inwards towards the centre, descend through 
several internodes, and finally curve out towards the 
periphery, there to unite with other leaHraoes. Thus in 
a transverse section of a palm-stem, the outer part cf the 
ground tissue is crowded with bundles which become fewer 
in number towards the centre. 

In roots the xylem and the phloem farm separate, strands 
(see radial bundles p. 232). A bundle passing through the 



stem to tibe root beoomes not 00 ^ s^lit up its 
parts 3 ;yl 6 Bi aqd phloem* as soon as it enters into the region 
of the root* but each xylem strand beoomes at the earner 
time twisted through an angle of 180*» eo that what was the 
inner side of the xylem in the stem becomes now the outer. 
Hence in roots the protoxylem is nearer the cortex and Ube 
metaxylenf faces the centre. 

The xylem and phloem tissues of a bundle are differently 
arranged in different cases. Accordingly there are various 
kinds of vaaculai bundles. — 

1. Collateral bundles are those v\bich have xylem and 
phloem side by side, the xylem facing the centre of the stem 
towards the apex and the phloem on the outer side of the 
xylem. This is the most common type and characterises the 
shoots of Dicots and Monocots generally. A collateral bundle 




amm m smtmM mn 

it Mid ta tm (t) wlietii as M Die^ts, tbera k a Isjkr cd 

oarnbiam taparatitig the zylam from tlia tAioom. mUifi} 
elasait wbesf as m Monooots, thera it no cambium^ 

3. Bicollatoral bundles are t^bote baring Iwo straoda of 
phloem on the two sides of a centi'al xylem# t^e three lyieg 
on the same radial line. They ooour in a few Obly 

sueh as the Ouoamber (fig. 319) and other plants hmdfiging 
to its family. 

3. Radial bundles characterise all roots* They eondsl 
of xylem and phloem in separate alternating strands, the 



Fig. 819. Pare of eross-sectfott of Oaonoiber stem showing three 
' bieollateral bundles. Co, patches of oollenohyma in the outer oortex x ; 
S. ring of sclerenohyma ; X, xylem ; Pl^ phloem , tracheie 
0, eambinm. 
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b«iiig towards the outside, not facing the agis 
or caiM^e of tlia item as in the last two oases. 

4« Coiiceiitrtc bundles or those having, a central phloem 
surrounded by a ring of xylem, or a central xylem surround- 
ed' by phloem, occur rarely in the higer plants but are found 
in tlie Ferns. The so called bundles, really steles, of Form 
like planto (fig. 3 10) have thick pistes of xylem in the centre 
surrounded by idbloeiii« 


QUESTIONS. 

1. Describe the inicrnal struotore of a young Dicot stem. Compare 
it generally iwitb that of a Monocot. 

5. DeBcrlbe the anatomy of foliage leaves. 

3. Wbat are hbro- vascular bundles and why are they so called f 
Describe the tissue-elements of the various bundles found in plants. 

4. Dive an account of the secondary skin tissues of a plant. 

6. Descri^ the internal structure of roots. Where and how does 
the root grow in thickness f 

6. Explain bow plants grow in thickness. Wbat are annual rings f 
Distinguish between uioaBT-wooD, sap-wood and bplikt-wood. 

7. Write what you know about stomata. Wliat are lenticels and 
how are they formed I 

8. W^hy and how do leaves fall f 

9. Desciibe the course of vasoalar bundloi in the plant. 

10. What and where are the following f— hypoderma, alburnum, 
epiblem, medulla, exodermis, pbeiloderm, phlcsoterma, leaf-traoe, bast, 
goar<l.oeUfi, absciss layer and periderm. 
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PHYSIOLOGY OF PLANTS 




CHAPTERXIX 

V 

VITAL FUNCriOr© 

.Pbyriology onquires about plaat-lunctioiii. Tbato luw 
maioly (l) N^rUion ^ GrmBih, (2) Bispons^ 9ktaA (8) ISe- 
productian. A plant grows by absorbing ^and aidimdirfaiig lood 
and then after a certain period reproduces itself. But thmp 
functions are to a great extent influenced by external faotorSi 
such as light and air, moistness of the atmosphere, nature ol^ 
the soil and so on. Consequently the tnjls^iice of Htiomod 
facim on plants, and their behaviour in response to such 
factors, constitute important problems of physiology. 

Germination can not take place unless seeds be moistened 
with water, and in the act a large amount of water is t^en 
up by the swollen seedlings. Next, the development of the 
seedling can take place only when it is supplied with food* 
matters and of these water is the* most important. It if ab- 
sorbed from the soil by the root-hairs, not in a pure state 
but in the state of a very dilute solution, having dissolved 
in it various inorganic matters of the soil. The water 
which saturates the soil always contains a certain percentage 
of the solid constituents of the soil dissolved in it, for, 
of all liquids water is the greatest solvent known. The 
oell-wall of the root-hairs insists simply of cellulose, and it 
is easily permeable to water. The water of the soil thus 
easSy goes into the plant. For plants, like animals, diink 
and breathe, but they can not eat solid food for obvious 
reasons. Like animals also they require raw materials for 
their nutrition and these are secured from the soil in the 
form of minerals. These minerals pass into solution, though 
only partly, and those that are insoluble in pure water arc 
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diieolved by an aoid which the active root-hairs secrete. 
Thus, in point of nutrition, there is this great difference bet- 
ween plants and animals that whereas the former depend 
entirely upon the inorganic matters of the earth, animals live 
only on plants or on plant-eating animsds ; they are, in a 
sense, parasites on the vegetable kingdom. 

That a part of solid earth is used up by plants is evident 
from the fact that agricultural lands become gradually impo- 
verished by long cultivation. It is for this that manures are 
used. It is not difficult to convince oneself that plants take 
in minerals from the soil. A growtrup seedling weighs 
much more than its seed ; this may be explained by the fact 
that it absorbs a large quantity of water. This is precisely 
so, but if we burn the seed and the seedling separately and 
then compare the weights of the ash left by them we find 
that the ash of the seedling is much greater. Further, the 
incomparably large volume and weight of solid wood in a 
tree which comes out fram a tiny seed, as well as the mass 
c ash which this wood leaves behind when burnt, are con* 
vinoing proofs that a pait of the constituents of the soil 
enters into the structure of a plant. 

The first nutritive function of a plant then is absorption 
of raw food from the soil. This is done by the root-hairs. 
The next is the conduction of the raw materials to the 
leaves where they are assimilated. The conduction takes 
place through the xylem tissues of a plant, whereas the chlo- 
renchyma is the sole assimilating organ of green plants. By 
assimilation starch, sugarsji proteids, and other carbohydrates 
and nitrogenous substances, including protoplasm, are pre- 
pared. These plastic productsp as they are called, are then 
sent to the growing parts of plants wher^ the protoplasm 
handles them in such a manner that growth or the 
formation of new structures takes place. It often happens, 
however, that they cannot be put to any immediate use or 
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tbat there ie a large aarplue, sod then they are oanduoted 
to oertain places, termed resenrolrs of assimilated matters, 
to be stored temporarily for future use. Thus, in the plant- 
body, there is a constant migration of matter-*of raw food 
travelling to the assimilatory organs (chlorenobyiiia of leaves 
and stems), of assimilated food travelling by the i^loetn and 
the bundle-sheath to the growing points of plants, or to the 
reservoirs of food matters. 

Without air there can be no life, no assimilation. Like 
animals plants also must breathe or respire. In the act, oxygen 
is taken in from the atmosphere, the gas passes through tiie 
stomata and intercellular spaces, a part of the protoplasm 
or of the substances prepared by it is slowly oxidised, and 
Carbon dioxide gas is formed. 'In the case of animals, the air 
is taken into the lungs, the oxygen oxidises a part of the 
blood or matters contained in it, and carbon dioxide gas 
is formed which is given out. Respiration is really a process 
of oxidation whereby heat or energy is given. The burning 
of fuel is a ease of very rapid oxidation and of evolution of 
intense heat. When plants and animals breathe, the oxygen 
of the air they take in slowly burns up a part of their proto- 
plasm and such things, and the heat sot free gives energy to 
the whole system. This heat maintains the body-heat of 
both plants and animals alike. Deprived of air plants and 
animals die, for* with the stoppage of respiration, the activity 
of assimilation also stops for want of the necessary energy 
or driving power, and with it the constructive process lead- 
ing to growth. 

Like air light is also indispensable to plants* Light acts 
not only as a stimulus to growth but also more directly on the 
chlorophyll-apparatus of plants. Plants turn pale and yellow 
when deprived of light, and if kept long in this state, finally 
die. For, light stimulates the protoplasm to produce chloro- 
phyll and chlorophyll is absolutely necessary for assimilation. 
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It will aiipdar that all the above oondiUoae must be lol* 
filled before there can be grow^« Given air and ligbt and 
raw {ood-matters there is asatmilation ; given assimiiatioti 
and respiration there is growth. But growth implies also 
a certain momment of the parts growing. The growing shoot 
pushes its way up into the air» the growing root into the soil ; 
both seek re^^ons which they can further exploit for food> 
for oonditiong necessary for nutrition. Movement* though 
very much restricted in plantsi is a oousequejioe of healthy 
growth ; it is a response to the call of external nature which 
in various ways falls upon the plant and disturbs it. It is 
very evident in twining plantst in the coiling of tendrils* in 
the zig-zag coume of the roots* in the bending of flower- 
stalks* in the opening and closing of flowers* and in the 
leaves and steins of many shade-plants. In a healthy growing 
cell the protoplasm itself is in a state of flux* constantly 
changing the relative position of its particles. New matter 
is constantly flowing into it* and old assimilated or waste 
matters are flowing out ; things are continually coming in 
and going out (see circulation and rotation* p. 172). Plant 
organs also are constantly striving to secure for themselves 
the best position. If light be injurious to an organ it moves 
away from light ; if light be indispensable* an organ moves 
towards it. If it be intense and unbearable* the organ 
moves so that the full glare of the sun is avoided. So too, 
with regard to other external factors. Plant*inav6ments are 
really adaptations to the environment; a response* that 
is to say* to the oonditions of' external nature under which 
it must live. It is this power of response which gives 
the healthy tone to the plant. Life does not consist of mere 
eating* drinking and breathing ; a certain responsiveness, to 
the outer world is as much a part of life as the other 
fuDCtioBS* Without it life is irresponsive and without its 
tm0f tba^ is, macHve, dull, or in popular language, lifelm*. 
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Id the ioUowitig tabka are aet fortli by ride the more 
important physiiriogioal funotions and the or^ane eonoemed. 


FUNCTIONS 


OB0jtKfi 


A. Nutuition 

1 Absorption ot water and minerals 

2. Conduction of the nutrient sap 

3. Absorption and stoiage of air 

4. Assimilation 


Root-haira 
Xylem tissues. 
Inter^Huiar spaces, 
Aerendbyina* ' 
Chlorenchyma. 


5. Transport of assimilated matter ! Phloem tissues* 

C. Storage of surplus food .*.* Parenchyma Of stems, roots, 

fruits and seeds* 

It. Rkspibataon All living cells. 

7, Storage of wasle matter .*• Inter^celiular apaoea, glands, 

hairs, gum*, resin*, and other 
passages. 

All growing parts. 

Ail growing and joung organs 
and certain special motile 


U , Giowth 

D. Movement ob besponse 


organa 


E. REPBODITcTION 


Primordial cells* dowers, eto. 
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OBGANS 


FUNCTIONB 

Boot 


1. Absorption of water and minerals. 

2. Fixation of plant on soil. 

3. Storage of Bnrplus food matter. 

Stbm 


1. Carrying and developing the leaves 
and exposing them favourably to 
son and air. 

2. Distribution or cii*culation of food- 
mattei-B — raw and assimilated — 
throughout the plant. 

3. Storage of surplus food matter. 

Lbavbb 

... 

1. Assimilation and respiration. 

2. Letting out of surplus water 
brought from the root 

Floweb 

... 

Peproduotion by seouring the best 
means of sexual union. 

Fbxjit 

... 

Preset vation and dispersion of the 
seed. 

Sbed 


Protection of the embryo and afford* 
ing it food till suitable time when 
it cani*grow up as an independent 
plant. 





CHAPTER XX. 

PROTECTION OF THE PLANT. 

-ft .*1 

Protection of the ^lant from injuries which mitst be 
more or lees received from the outside world is secured in 
various ways. For, between plants and animals there is 
going on a continuous struggle for existence. Many animals 
live exclusively oo vegetable diet and principally on the soj^« 
living green foliage which is the most important vital organ 
of the plant. Herbivorous animals can not, of course, foresee 
like men that it is prudent tp let the plant grow and eat 
its fruit or seed. They wage a war of extermination on 
plants by devouring stem, root and all* But plants also are 
protected by various means. 

First, poison. The latex of latex*bearing plants, such 
as Akanda (CaMropis gdffonf^a), Poppies, sponges, eto^ is as 
a rule, poisonous. In some cases it often causes blisters, as 
in Papaw and Chitra (Chitiika — Fkimbago ^eplaniea). Deadly 
poisons, called alkaloids, are also formed in many plants; 
For instance, in Datura occurs the^ alkaloid dcdwrino% in 
Kuchila (Nirmali — the strychnine plant) occurs the alkaloid 
strpehnins, in Aconite (Kat'bish — jicanitum feross) aeomtim," 
in Cinchona quinins, in tobacco plant nicotine, in Elantikanr 
(SoUinum stcmthocarpum) sohnino, in the Opium plant tnof 
pkoiih and so on. Certain small herbs like the AmrooHihak 
(QsuZ|i) and Shooshny-shak {Matsiha) are very bitter for Ubioy 
oontsin acids in their ceU-sap* In the common Kaohoo 
and Ol, and in many water-plants rapbMee a^ irritatitig 
liquid# are preeent in large quantities in the cells. These 
often give an itching sensation to the mouthy and may even 
cause serious inflammation. 

17(a) / 
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Secondly, hairs* In certain plants there is a dense 
outgrowth of hairs on the epidermis which form a tangled 
woolly or silky covering. They are avoided by grasing 
animals because of the sense of nausea and choking which 
they feel when such a hairy leaf is chewed and devoured. 
The long dry hairs stick to the tongue or form a ball at the 
throat and can not be easily got rid of and the animal feels 
great uneasiness. 

Thirdly, weapons of defence such as thorns, spines* 
prickles, and bristles*. These are all sharp pointed structures 
capable of giving a smart wound to attacking anin8|8s. Thorns 
are arrested branchlets which transform their terminal 
buds into a hard li;.nificd structure, also their lateral 
buds in the case of brtuiched thorns (see p. 40). Spines 
arc modified leaves or leaf'segnients. Both thorns and 
spines have vascular bundles in which of course the vessels 
are not developed but are replaced by fibrous hard tracheides. 
A prickle, however, is a structure which proceeds from 
the sub-epidermal parenchyma (cortex) of an organ carrying 
over it the epidermis as well. It ends in a sharp pointed 
cell, but has no vascular bundle though it is often ligiiified. 
Bristles differ from all the above in being stnctly 
epidermal in origin. They are colls of the epidermis which 
grow out and terminate in a hard point. They are also 
specially adapted as weapons of defence. Thorns are the 
largest of them all, and are formed in no definite direction. 
But the rest aie often so directed that they may stand 
against creeping or crawling animals, such as snails, slugs, 
and worms. Thus, the prickles of Rose (fig. 63) are formed 
on the petiole and the stem up which the creeping animals 
must come in order to reach the green loaves. The leaves 
of Lotus are armed on the under surface and on the petiole 
with prickles, for they are exposed to the attacks of small 
aquatic animals and slugs* 
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The most remarkable plants in this respect are the 
Opnntiaa (p. 66) and Gaotii. These plants have peculiarly* 
shaped swollen succulent stems which being green carry on 
the function of leaves, and the foliage is entirely suppressed 
and modified into long spines. Bristles and prickles also 
occur, so that the whole surface of the i^ant is dangerously 
armed with pointed needles, some large, some extremely 
fine and very difficult to pick out of the skin once they 
have inflicted an wound. 

The n^ deadly bristles are those which are found in . 
the Nettles (Bichuty — Fleuria inierrupta). They are called 
stinging hairs. They are formed of single long epidermal 
cells with a swollen base and^a gradually tapering apex. 
The very tip, however, is not pointed but slightly swollen 
and bent to one side. The hair is stiff and elastic and the 
end is brittle. When it comes in contact with the skin of 
an animal growsing on the plant the terminal part falls off 
and the oblique lancet-like pointed end, now exposed, easily 
penetrates the skin and pours a very irritating poison 
(formic acid). A very painful sensation, as if of hurning, 
is produced, and the part wounded becomes inflamed. 
Grazing animals carefully avoid plants furnished with sting- 
ing hairs, and do not lot their nostrils, nor the mucous mem- 
brane of their mouths get wounded by the corrosive poison. 

The protection afforded by the spines is meant mostly 
to defend the green foliage while it is young. This is exactly 
the time when protection is most needed. Later on, old / 
foliage leaves, which have grown beyond the points of the/ 
spines or prickles, may be eaten, and this does not mud^ 
matter, for old leaves are not of much use to the planj^ 
they are soon shed as a matter of course (eee fall of loi^ef, 
p. SI62). Stipules are often turned into spines, as jii the 
Jujube, and prickles and thorns are often so forn^ed the 
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snifbll lea^budl or axillary 8boot-bimi»» may ba proteetad 
tnbib they are growing. So long as tlm yoaog taadar 
foliage leavea remain in this position* between two forba^f 
the stipules or priohles, they are avoided by animala. l%e 
protection is mostly at an end when the leaves have grown 
far beyond the axils. 


Stability of Plants. 

A plant being made up mostly of soft cells, the question 
arises how it maintains its stiff and rigid form even when 
battling against wind and rain, and, in the ease of the 
young root, against the hard and rough soil. Young leaves, 
young buds, flowers, root-tips, etc. are really extremely 
delicate organs, and yet we find them standing erect and 
rigid and stiff. 

Turgidity.— When water is absorbed by a coll the 
increased pressure of the vacuole forces the protoplasm 
firmly against the wall, and so stretches the latter ; the 
elasticity of the cell-wall leads to a recoil against this force 
and as a result the whole cell becomes rigid. A parallel 
is seeji in the football. When air Is pumped the bladder 
expands, but the leather-case checks the expansion, and the 
result is a great tension which makes the ball haid. So, 
too, a rubber tubing, which is soft and pliant, when 
closed at one end and air pumped through the other 
end, becomes soon a straight and stiff rod. This 
phenomenon is known as turgidity^ and the stiffened cells 
are called turgid. It takes place in all living parenohyma, 
and is necessarily absent in colls whose walls have lost their 
elasticity, such as the fibres and vessels, and also in cells 
without protoplasm. The turgidity of the cells of a living 
.parenchyma is increased by the tendency of the bard bundles 
and tough epidermis \jf> compress the swollen parenohyma, 
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id tbi^t a whoto arganr auob bb a y^ag foob rtem* lda{» 
bwmeB rigid and firm* AU tondar t>i:giuia» auoh as yoiiD^ 
i^Kiril$» foliage and florid leaire»» young yoota» and ao on* 
iipeoiidly aqua^o plantai irbicdi ^haTe too speoia! bard 
tiisao to periorm the meobatiieal fu netaou ol eupjport and 
ri^ityi owe their itiffnesa tp. torgidity. li tbii ie loet> as 
when the organ loses too much wateri it droops or withers 
for its cells are now soft and flaooid. 

Tiasue-tenaion.' All young growing organs are still 
and brittlei not because they have any bard brittle ceUs* 
but h^ttse of the extreme turgidity of the cells arid? 
of a state of great tension between the pith and the 
epidermis. Young oi'gans do not develop ttie lignified 
tissues while they are fast • growiiig» but the pith is 
highly extensible ; it tries to expand on all sides* especially 
lengthwise, and the cortex is not so extensible, mudi less 
the epidermis. The result is that the expanding pith is 
kept in chock by the outer tissues, is compressed by the 
epidermis which in its turn is kept fully stretched % the 
pith. A tension is thus produced, and the organ in which 
this tissiie'iension prevails is rendered stiff. Tissuo-tension 
may be compared in a way with turgidity. In a turgid 
cell the resisting layer of the cell-wall compresses the 
protoplasm which has a tendency to expand under the 
pressure of the water of the vacuole. Between the two 
there is a state of tension and the result is that the cell 
is stiff. So in a young stem the epidermis forms the outer 
resisting layer, so does the cortex with its small cells, but 
the pith consists of thitrwalled large parenchyma cells 
which remain highly tuigid and extensible* Between the 
outer and inner tissues there is a state of tension, and the 
result it fhat the organ is stiff. ^ 

Tissue-tension may be easily observed in all rapidly 
growing herbaceous stems where it plays the most important 
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part of maintaining the rigidity of the organ. Young 
tendrils, young flower-stalks, growing parts of plants, are 
stiff and brittle mainly because of tissue-tension. In mature 
organs there is no" tissue-tension because all the cells are 
gi'OWD up, the old pith is not so extensible and the harder 
tissue of the stele somewhat negatives the tension. 

Tissue-tension may be demonstrated in this way. A 
grown up seedling of Sunflower or Cucumber is floated 
in water contained in a saucer. It is then cut up into 
pieces of I — 1/2 inch in length. Each is then split 
through the middle into two longitudinal halves. It is at 
once observed that the pith-side of each half is deeply 
convex, and the outer epidermis-side is deeply concave, 
each half being curved like a bow. This is due to the 
fact that the cells of the pith now exposed become greatly 
stretched, and since they are attached to the almost 
inextensible epidermis, a curvature is produced. The pith 
may also be separated from the stem, but for this purpose 
a grown up young Sunflower stem is preferable. 1'he pith 
is bored out by means of a cork-borer, and it is then again 
inseilied into the hole. It is then seen that the pith 
proiects from the cut surface of the stem. It becomes 
narrower and longer than the original pith of the 
intact stem. 


Mechanical Tissues. 

The rigidity of a plant is secured by certain mecha- 
nical or strengthening tissues and cells, for turgidity and 
tissue-tension, though effective in young growing organs 
and in aquatic plants, are of no use in grown up organs. 
Such organs can not maintain their stability depending 
on turgor and tissue-tension alone, for they are subjected 
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to varying oonditionfl of the ioil and the atmosphere and 
are not surely amply protected from the drying influence 
of the air. Hence special strengthening tissues are develop- 
ed in them. These are. — 

1. Collenchyma. — This is a tissue consisting of live 
parenchyma cells which have strongly thickened walls. 
It occurs in all herbaceous stems which grow for a long 
time* in teiidrilsi in flower-stalks> etc. The thiokening 
is greater at certain parts* especially at the corners (fig. 

^296), so that food matte I'S and water may easily pass to and 
from though the unthiokened parts of the cell-M all* whiles 
the thickened parts enable the tissue to undergo grei^ 
flexions without rupture. The large deposition of cellulose 
on the cell' wall thus serves a two-fold function : (l) to 
prolong growth* and (2) to withstand bending strains. See 
also pp. 183 and 212. 

2. Sclerenchyma.~This is a dead tissue which forms 
the hard bony skeleton of plants (pp. 184* 213). The long* 
pointed, thick-walled, often lignified and hard cells may he 
likened to a long steel needle. Both are highly plastic* 
returning to their upright position after a few vibrations 
when bent considerably. The tissue occurs in plants in the 
form of very long strings. Its sustaining strength has been 
estimated to be equal to that of the best hammered steel, 
A string of sclorenchyma may also be likened to a steel 
cable made up of twisted iron wires. For, the cell-wall of the 
fibres is made up of thin narrow strips woven together as in 
a cotton fabric. 

Sclerenchyma occurs either as isolated strings in the 
ground tissue, or in conjunction with the vascular bundles. 
Monocot stems which do not produce wood depend entirely 
upon this tissue for their support. The long stems of Palma* 
Bamboos and Grasses are traversed by very strong strings of 
sclerenchyma which not only give to the pliints their wonder 
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fal but also enable them to bear the enormous * 

we^ht.of the foliage and fruits at the top* The fibres 
derived from plants for cordage (PatmSi Agave* Jute) 
are sd^erenchyma. The bast fibres of the phloem tod 
the wood ( fibrous traoheides ) of the jtylem are 
soleronchymatous. 

Tbe sclerenehyma tissues are often arranged in sueb a 
way that the best mechanioal advantage is secured* Thus* 
they often form* along with the vascular bundles* mechanical 
struts or girders like the iron joists which support the roof ^ 
of a building. In cross section such a girder is seen to be 
1-shaped with the upper and lower plates of sclerenohsmia 
and the vertical plate of vascular bundle. In this arrange- 
ment not only is the vascular bundle protected’^ from tearing 
stress but the whole organ is made rigid* as if a microscopic 
iron joist is inserted in the soft ground tissue (see p. 237 )« 
III the stems of many plants which do not produce a bulky 
wood the sclerenehyma forms a T-shaped girder occurring 
as a transverse plate outside the vascular, bundle (see 
fig. 302* the shaded part of each bundle is sclerenehyma* 
the dtimk part is the vascular portion, and fig, 309). Two 
such girders occupying opposite positious on the same 
diameter of the stem form a composite I-girder, as can be 
easily understood from the figures. 



CHAPTER XXI. 

ABSORPTiON OF FOOD. 

The Food of Plants. — Chemical analysis of the plant 
body tells us what substances enter into its com position. If 
we heat a seed or a plant there is a great loss in weight due 
to loss of water, and if we further burn it great volumes of 
gas ai'e disengaged and an insignificant quantity of mh is left 
behind. The gas on analysis will be found to be mainly 
water-vapour and carbon diomde, the gas which we g^ 4ii 
Ssrated waters. The ash contains various salts, such as 
carbonates arid phosphates of potash and lime. As a result 
of hundreds of experiments it Jias been found thiUi the follow- 
ing elements are always present in plants Carbon (0), 
Hpdroffon (H), Oxygen (O), Mtrogen (N), Sulphur (S), Phmph^ 
r«* (P), Potassium (K)t MagnoHum (Mg), Calcium (Ca) and 
Iron (Fe). Oooasioiially other elements, such as sodium, 
silicon, chlorine, etc., alto occur. 

Composition of the Air and the Soil. — Air is a mixture 
of oxygen and nitrogen along with small quantities of carbon 
dioxide (CO, ) water-vapour (H, O), and other gases. Of 
those oxygen and carbon dioxide are essential to plants, the 
rest are not of much importance. If We char a plant a black 
mass of charcoal is left behind. This is carbon, the sole basis 
of the organic substance of the plant. It is derived solely 
from the atmosphere in the form of the gas carbon dioxide. 

Soil is made up of small particles formed by the gradual 
denudation of various rooks, and contains all the elements 
necessary lor plant-nutrition in the form of salts. Its parti- 
cles are rather loose and amongst them are little spaces 
occupied by air and wutor. In addition to tbrn inorganie 
eoDstituents there are remsdns of animals and plants, called 
humus, which by deoomposing produce various acids which 
18 
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break up the particles of soil or dissolve them in the water 
saturating the soil. This water consequently is not pure but 
holds in solution most of the salts useful to plants. These are — 
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Oypsain ... Ca SO4 

Sodium Sulphate ... Nas SO4 

Magnesium sulphate ... Mg SO4 
Calcium nitrate ... Ca (NO, )4. 

Potassium ... KNO4 

Calcium phosphate ... ^Sa(P04)2 

Magnesium phosphate ... Mg H PO4 

Chlorides ot Sodium Mag- 1 NaCI, 
nesiuro, Potassium, .'lud VMgCI,,KCJ, 
lion j Pe CJ, 


Calcium, Sulphur, Oxygen 
Sodium, „ „ 

Magnesium „ „ 

Calcium, Nitrogen, „ 

Postassium, „ „ 

Calcium, Phosphorous „ 

Magnesium „ 

Hydrogen „ 

Chlorine, Magnesium, 

Pot aspi am, Sodium, Iron 


Waterculture experiments enable us to ascertain : 



( 1 ) what elements are essentially 
necessary for healthy growth, (2) in 
what form they can be best taken up, 
and (3) what particular nutritive 
function these elements have* In these 
experiments small quantities of salts 
mentioned above are dissolved in pure 
water, and seedlings reared on wet 
saw-dust are cultured in this nutriti/H 
solution (culture-solution). Prom the 
table it will appear that there is no 
mention of carbon and yet when a 
plant is kept in a cu1ture*soIution, as 


Fig. 320. A Grass 
p.ant grown in cul- 
ture Bolution— f, 
funnel for pouring 
fresh selt^ion or 
water m it gradually 
decteaees. 


shown in fig. 320, it grows vigorously. 
This shonff that carbon is not derived 
from tb#^il but from the atmosphere 
where it is present in the form of 
carbon dioxide gas. The whole appa- 
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ratus (fig. 520) may be placed on a shallow saucer containing 
dilute potash and covered by a bell-jar resting on the 
saucer. In this way an atmosphere freed from carbon 
dioxide (the potash absorbs the carbon dioxide gas of the 
atmosphere) is secured and the plant is allowed to live in it. 
It will be noticerl after a few days that the plant turns 
yellow and then dies, inspite of the presence of all the other 
necessary substances in the nutritive solution. This shows 
that atmospheric carbon dioxide is indispensable to plants. 


A good culture^solution may be made up as follows * 
Water ... ... ... ... 4 litres* 


Calcium nitrate 
Potassium nitrate ... 
Magnesium snlpbate 
Potassium phosphate 
Iron phosphate 


2 grams 
•5 grata 

•5 „ 

a trace only 


Small plants or seedlings allowed to gxow in such a solu* 
tion will develop into full-sized plants with flowers and even 
fruits, provided certain precautions are observed. The 
effect of omitting some of the constituents from the culture 
solution is detailed below : — 


Omit 

Effect 

Iren salt 

PotasBium salt 

Calcium salt 

Magnesium salt 

Chlorophyll not r!cvelope»l, leaves become 
yellow, the plant dies. 

Plant becomes stunted, growth is not nor- 
ma', death follows in a short time. 

Plant becomes deformed, duration oC life 
shortened. 

Almost same as that for potassium. 


Absorption of wate|, from soil. — That the youngest 
roots and their root-hair^'l^orb water from the soil may 
bo shown by a simple experiment. We take a plant which 
is being cultured artificially by the water-cultuie method 
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i^nd add fiome powdered 0osin to the water. The water le 
coloured red* After a few hours plant is taken out of 
the culture bottle and washed r^ipidly in water. It is then 
observed that the young roots, especially the root’hatrs) are 
stain^ red both externally and inteiiially. Trying the same 
experiment with powdered carmine (another red colouring 
agent) which is not soluble and hence remains suspended in 
the water, no colour will be noticed in the root. This 
shows that solid matter, however fine, can not be taken in 
by roots ; it must be first dissolved in water. If leaves, 
stems, or other parts of a plant are immersed in tbe eosin 
solution, they are not coloured. This shows that the cuticle 
does not allow the passage of water into the cells. The part 
of the plant which absorbs water from the soil is only 
the hairy region of the root. 

How minerals are dissolved. — All the constituents of 
the soil are not soluble in water ; but most are dissolved by 
acid substances which are formed by decaying organic 
matters present in the soil. The phosphates, for instance, 
are indispensable to plants, but they are insoluble in pure 
water and soluble in acid water. Roots respire carbon 
dioxide and this dissolving in water forms an acid solution 
in the soil. Young roots and root-hairs also excrete a kind 
of acid substance and this also heUrs tjie solution of soil- 
constituents otherwise insoluble. If the root of a plant bo 
made to grow on a slab of slate or marble, it giadually 
corrodes the surface of the marble which then looks as if 
etched along the route of the root. The etchings follow the 
ramifications of the root and are due to tbe dissolving action 
of the acids secreted by the root, 

Osmoais. — Root-hairs are tubular cells of the young root 
epidermis and contain protoplasmic matter. They go into tbe 
interstices of the soil and adhere to itis grains partly by 
capillarity and partly by their acid excretion, This acid 
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diMolres « pu-t of the soil partklea* and the dilute outriei^ 
solutfon which h thus prepared surrouuds tiie partioles 
as A thiti film* With this the root-^haiie oome in very 
intimate contact. This water* or rather sdiution* is termed 
the Kygroecojpic water which alone is absorbed by the 
roots, the superfluocs water which saturates the soil and flows 
freely through it is of no use to plants. A soil apparently 
dry may sustain plant-life, for the bygroscopio water is held 
between the particles of soil with great tenacity. And, 
ooiiversely, a soil which is physically wefc may be physiologic 
cally dry, such as sand, which can not sustain plant-life for 
the sand grains can not stick to the root-hairs. 

The way in which the hygroscopic water enters into 
the root-hairs will be understood from the following 
experiment (fig. 321). A wide glass tube (A) is closed 
at one end by a piece of a parchment paper (a) and the 
other end is corked. It is then filled with a strong 
solution of sugar coloured with ink or magenta, and a 
manometer tube (M) is then attached to it by means of a 

short tube which passes through a hole in the cork. The 

manometer contains mercury and the part of the tube 
between tbe mercury and the wide tube (A) is previously 
filled with tbe same sugar solution. Ihe glass tube 

is then placed in » beaker (B) containing pure water. 

After a short time it will be noticed that the mercury which 
at the beginning of the experiment had tbe same level in 
both limbs now rise steadily in the narrow tube, a little 
.depression in the level of mercury of the bulb (M) having 
^also taken place. The pressure which causes the ascent of 
the mercury in the experiment is termed osmotic pressure 
and the phenomenon is known as osmosia 

The prineiple of osmosis is this ; if there be a difference 
in conoentmtio n of two solutions on the two sides of a 
porous membrane, diffusion lakes place in such a way that 
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the stronger solution becomes dilute and the weaker one 
concentrated ; ultimately equilibrium is established when the 
oonoentratioDS on both sides are equal. The explanation 
of the above experiment is this : the 
parchment is a semf-pervioua membrane. 

On one side of itj within the tube (A), 
there is a thick solution of sugan and 
on the other, in the breaker (B), is simply 
water. The sugar solution passes out into 
the water of the beaker— this is seen from 
the water in B being gradually coloured. 

But much more quickly and strongly does 
the water of the beaker pass through the 
parchment and enter the glass tube, and 
hence the pressure. The osmotic pressure 
can be measured by the rise of the mercury 
column ; it remains active so long as there 
is any considerable difference in the con- 
centrations of the two liquids. In osmosis 

there is a diffusion of two liquids through l^ig 321. Ajqwi- 

ratuB for showing 

a soparting porous membrane ; the rate osmobiB. 

of diffusion of the lighter solution 

{hiio$rm$is) is far greater than that of the denser solution 

(exosmosis). 

The glass cylinder in the above experiipent may bo 
taken to be a root-hair, the imrcbment then representing 
the cell- wall. Outside the root-hair there is a very dilute 
nutrient solution, inside it a dense protoplasm and a ^ 
concentrated cell-sap. The dilute nutrient solution conse- 
quently^ passes into the root-hair by osmosis, almost in the 
same manner as the water of the beaker passes into the 
tube. All solutions, however, do not pass through permeable 
mombrai.cs. Colloides are those substances which form 
solutions incapable of passing througlf such a membrane 5 
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protoplasm and most of the albutninoas substances are of 
this nature. Inorganic salts^ such as those present in the 
8oil> are on the contrary cryatalloids* that is, they form 
solutions which can pass through permeable membranes. 

The sugars are also crsytalloids so that they too can 
readily pass through permeable meihbranes. In the case 
of the root-hair the protoplasm and the proteids which 
enter into its composition being colloids oanntit come out 
of the cell, but the oalbsap contains acids which are 
crystalloids and como out by exosmosis and help the root 
to prepare the nutrient solution by dissolving those 
particles of the soil which are insoluble in water. The 
nutrient solution present about each root-hair , being a 
very dilute solution rapidly passes into the coll by 
endosmosip. Thus the root absorbs from the soil not 
only water but also a part of the earth which is necessary 
for the life of the plant. 

To see osmoBlB, take the bladder of a fish. Wash it thoroaghly and 
then till it with a strong solution of salt or sugar. Tie the open end so 
SB to make it water-tight and then place the bladder in water. In a few 
hours it becomes bard and rigid, just as when a football is pumped 
hard. Now take the bladder out and place it in a solution of salt or 
sugar thicker than the last. In a short time the bladder loses its 
stifioesB and becomes soft.. In the first case water enters into it, in 
the second, the solution comes out of it ; in both cases the lighter liquid 
flows towards the stmuger one. 


SUMMARY. 

^ By chemical analysis it is found that the following ten elements are 
always present in the plant body : C, H. N, O, S, P, Mg, Fe, K, Ca. 
Water-culture experiments show that these elements excepting carbon, 
are derived from the soil in the form of salts, and the (^rbon is derived 
from the air in the form of carbon dioxide. 

The way in which these salts are taken in by plants is this ; Some 
of the salts present in the earth are soluble in water, others are insoln- 
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bl«^, but %\wy Are ciissolved by the ackIs Beoreted by the young root^faAira^ 
Tbi« dilute eOLOTiON of tbe plnnt h bold with great tenacity 

the fine partfolee of eand of which tbe earth 1b oompoBed. With these 
particlefi the fine root-hairs come in intimate oontaotf in fact the 
particles stick to the hairs because of the acid secretion. The water 
then pasm into the root-hairs by oshobib. Osmosis is the phenomenon 
of diffusion of fluids through a permeable membrane and inside the cell 
is a concentrated cell-sap, outside it the very dilute nutrient solu- 
tion. The later consequently rapidly passes into the coll. The proto - 
lasm and the more complex ceil contents o»n not come out, being 
colloids, but a small quantity of the acid cell-sap comes out by oxosmosis 
and this helps to dissolve the particles of soil and prepare more nutrumt 
Bolation. 


QUESTIONS. 

I. Wliat are the essential foo<ls of plants 7 How would you deter- 
mine them ? 

3. What is Water culture and what do yon learn from it ? 

3. What is Osmosis f Describe a simple expc^nment you have seen 
t<j demonstrate it. 

4. How do plants absorb fooii masters fiom the soil t 

6. What is hygroscopic water ? What are crystalloids and colloids ? 
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CONDUCTION OF WATER. 

f^l living cells require water lor various purposes it 
travels in the plant liody in various ways. The cortioal 
cells, especially of the root, are always living odls* Like 
the root-hairs they also have a great capacity lot imbibing 

water by osmosis. For, in this 
respect what the root^hairs;» are 
to the hygroscopic water ol the 
soil, the inner cortioal cells are 
to the root“haira The oottfcal 
cells have a dense oell-sap, while 
just touching them on the out- 
side are the root-hairs oontainizig 
a large quantity of water. Conse- 
quently the lighter solution of 
the root'bairs moves towards the 
cortical cells. Thus, by a cease- 
less process of osmosis water 
moves from cell to cell, from the 
soil to the root-hairs, and from 
the latter to the cortex, and 
thence to the xylem of the root. 
Roql-'preasure. Most plants 
Pig. Appamtos demons, when out off a littfo away from 
tmting root-pressare. the ground in early spring exude 

water from the out surface. The water is evidei^y pressed 
upwards by the root. The power which the root possesses of 
forcing water upwards is known as ro9ti^4ssur0* The exuda- 
tion increases we warm the roots, decreases if we oool them. 

Owi^g to the great excess of endosmoais a ooTiiideraUe , 
18 (a) 
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pressuro is set up in the cortical cells o! a root. By virtue 
of this pressure water, is pumped into the xylem vessels^ 
and when the rate of absorption by roots is greater 
than the rate of loss by the leaves, water is forcibly 
pumped up the xylem tissues. ' This explains the cause of 
root-pressure* Fig. 322 shows a method of demonstrating 
and estimating the root- pressure. A pot plant is cut off, 
early in the morning, a little away from its base. To the 
stump (S) is attached a bent glass tube (M) by a piece of 
rubber tubing. The glass tube is previously filled partly with 
mercury. After some time the mercury in the open limb rises ; 
from this the force of root-pressure can be ascertained. 

By virtue of root- pressure drops of 
water are actually ejected from the margins 
and tips of many leaves especially at night 
and early morning. This is observed in 
the loaf-tips of Kuchoo and other Aroids, 
several grasses and herbaceous plants such 
as the garden Nasturtium, (fig. 73) etc. The 
copious outflow of a sweet liquid from the 
cut surfaces of Date palms, Toddy palms 
etc., is also due to root- pressure. 

Transpiration. — The leaves of plants 
are constantly giving off water in the form 
of vapour especially ns long as they are in 
light. This can be proved by placing a 
•pot plant under a beli-jar. After a short 
time the inside of the jar is found to be dimmed with 
moisture. The process really goes on in all green serial 
parts of plants and is known as transpiration. It is not 
a simple piooess of evaporation ; lor evaporation is not 
much affected by the presence or absenoe of light, but 
transpiration takes place mainly in light. Thus, if a 
plant 4ba covered with a bell^jar at midnight little mois* 



Fig. 323. A 
drop of water 
ejected from the 
leaf -tip of 

Kuchoo. 
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ture will bd found deposited on the ghm. Hiie shows 
that during daytime water is rapidly given off by the 
leaves in the form of vapour* The total volume of water 
thus lost by a plant is very great. For instancoi a strong 
‘Sunflower planti of about the height of a man, loses in a 
warm day over 5fi»s of water. It has been estimated that an 
acre of Cabbage plants will transpire two million pounds 
of water in a month ! The water vapour escapes either 
through the outer walls of the epidermis, or through the 
stomatal openings in it. The former is called cuticuhr trans" 
piration, and the latter stomatal trar^spiration* Both processes 
go on In ordinary land plants, but in plants possessing a 
thick cuticle the cuticular transpiration is small and may be 
altogether absent. It is especially strong in herbaceous shade 
plants and in very young leaves which have not yet develop- 
ed a thick cuticle and a sufficient number of stomata. 
Stomatal transpiration is of course more impoi*tant of the 
two, for stomata are the special organs of transpiration. 

Importance of transpiration.— -(l) Hoots of plants 
absorb a large quantity of water, for the nutrient 
solution prepared in the soil is very dilute. If it is strong 
the salts cannot go into the root-hairs by osmosis and a 
large quantity of water is absorbed. The water, however, 
acts more as carrier of the minerals than as food, and 
after having reached the leaves deposits the salts and 
goes away as vapour. The excess water is transpired. 
Hence transpiration is essentially necessary not only to 
supply every organ with water wlnen it is required, but 
also to maintain a steady stream so that the leaves, the 
main manufactory of the plant, may have a continuous 
supply of raw food-matters (the salts) from the soil. (2) 
Moreover, as plants are exposed either to direct or to 
diffuse^ sunlight, they would become excessively heated if 
not cooled by transpiration. By saturating every living 
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organi md by being eonetently tepenrii^, tbe ttanspited 

water beiim to keep tbe delicate orgaais of plants cool ; tbe 
energy of tite aunts' beat ia expended in converting liquid 
water into vapour and ia thus diverted from overheating the 
plant. (3) Againi by transpiration the aaoent of water in ^anta 
ia facilitated. For, aa the leaf oontinuouaEly loses water its 
component cells become relatively dry and have an increasing 
tendency to suek up water from the stem or from the vas* 
cular bundles. By virtue of this suction action o! the foliage* 
water ia rapidly pumped up the stem, and thus a speedy 
circulation o( food matters throughout tbe plant ia ensured. 

Th« fact that water is given off by the leaves may be shown by 

holding a pieoe of cobalt chloride paper near the lower surface of a leaf 

(where lie the stomata) when after a short time the blue paper will tarn 
red. A paper soaked with cobalt chloride solution has at'first a reddish 
tinge but when it is dried near a dame it takes a blue colour. This blue 
paper will indicate tbe presence of moisture by being turned red. 

Stomata are the special organs of transpiration, for 
the watervapour is formed in the respiratory cavities (fig. 
310) by the heat of the sun, and the stomatal openings 
allow its escape. The mechanism of the stomatal apparatus 
is exquisitely adapted to modify transpiration. The guard- 
cells are living cells containing protoplasm which is highly 
sensitive to light-stimulus. When light falls upon the guard- 
cells they absorb a quantity of water from the neighbouring* 
cells and become turgid. Turgidity makes them stand erect 
leaving the stomatal passage open. The increased demand 
of water on the part of the guard-cells is due to the fact 
that their protoplasn^^ prepares, under tbe influence of sun* 
light, a certain quantity ; of sugar. This substance renders 
the celHap denser and hende by osmosis water is taken up. 
At night the protoplasm cannot prepare any ^gar and so 
the turgidity gradually diminishes, and then the goard^cells 
become flatter and diose the oriflee. Hence at nigU,, or in 
of light, transpiration camaot go on for tbe simple 
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tef li mih timt tranapitutioti takes pki^ easSy. For« not 
ODly are leaves fiat and thin and e^ose tke ' gteateet eurfeee 
bat tb^y are al«o amply provided vritb etomata and reapira^ 
tory oavitiee, and tiie veins or vaeonlar etraiidfl rmify in 
all dfreetions. Oreen etema also transpire iNsing provided 
with stomata* but a woddy stem sca^ely transpires at alL ^ 

Hie reason why leaves do not transpire' at night is this : 
wfabti there is no sunlight the raw mineral food taken from 
the soil cannot be cooked up into plastic material and. «o 
the work done in carrying the water to leaves is so mubh 
loss of energy. Besides, a continuous loss of water at night 
would have a chilling effect under which the protoplasm 
might die. And further, the guard-oolls i>eing closed at 
night tbere is no outlet for the watervapour. Besides light 
which is essential, there are several other factors which 
influence the rate of transpiration 

(1) Temperature of air . — The higher the tempei^ature 
the greater the transpiration, evidently because the heated 
plant gives off vapour more quickly. 

(2) Moisiness of air. ^ A dry atmosphere favours tians- 
piration lor obvious reasons* 

(3) Movement of air also hastens transpiration, A hot 
windy day often causes plants to droop or wilt 

Ascent of water— In small herbaceous plants the ascent 
of water is due, iii the first place, to the continuous endos* 
motic action of the rootrbgii*s, and secondly, to the great 
hydrostatic pressure exerted by the cdftioal oells on the stele 
of the root whereby the vessels of thfc xylem become filled 
with water. This root-pressure is sometimes very great and 
can explain how water rises in plants. In large p1atiti>, 
however, the distaasoe over which water must travel in order 
to reach the leaves and growing points is so great that 
root'^preeeoi^ can not he regarded as the causer In them 
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transpimtion, perhaps more than anything else, is respon' 
gible for the ascent of water. The loss of water by the 
mesophyll cells occasions a great concentration in their cell" 
sap and thus they obtain the power of sacking up water 
from the xylem. The latter may be regarded as made up 
of long chains of cells, the end cells being in intimate contact 
^ with those of the mesophyll. These losing water to the 
atmosphere take it up from the first layer of cells of the 
xylem. The latter in their turn suck water from the 
next layer of cells ; in like manner every cell of the 
xylem-ohain may be reparded as standing to that just below 
it in the same relation as the mesophyll cells stand to the 
xylem — each of them sucks water from below. 

By the united action of all these sucking cells a consi- 
derable suction is brought into play and this immediately 
causes the ascent of a current of water, termed the transpira'* 
tion current. Thus root-pressure pumps water into the 
xylem ; transpiration helps it to ascend. The action of 
transpiration may be compared to that of a suction pump. 

Transpiration takes place only in light and it is more 
active on a windy or a dry day. Under active transpiration 
there is no direct evidence of root-pressure. For, if an 
actively transpiring shoot be cut off from near the ground 
and the cut stump attached to the manometer, as shown in 
fig. 322, it will be found that there is no exudation of sap 
and that the mercury in the open limb of the manometer 
(M), instead of rising, falls, thus indicating a negative root- 
pressure. This is because the suction by transpiration is 
greater than the pumping action of the roots, If> however, 
transpiration be checked by covering the plant, for instance, 
with a bell-jar for some time before cutting, the cut stump 
will exude water and evidence roofc-pressure. Thus transpira- 
tidn and root-pressure supplement each other : when the 
atnsosphere is dry or windy or ^otherwise favourable to 
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strong transpirattoii the suction action reaches even the 
ipots and water travels to the upper regions where it is dry 
and hot, just as cold air is drawn up by a heated land*soap64 
When the day is moist and transpimtion is prevented or 
oheokedi water is equally pumped up by root" pressure. At 
night no transpiration is possible but the root-hairs are 
active all the same, and so a considerable quantity of water 
accumulates in the xylem tissues by root* 
pressure. When this is very great an 
actual exudation of drops of water from 
the leaf 'tips may take place. Thus is 
secured by root-pressure that giving off of 
the excess water not required by the plant 
which is one of the objects of transpiration. 
As the sun rises and the day warms up, 
transpiration now comes into operation and 
root-pressure is diminished ; gradually it is 
entirely negatived by transpiration. By 
coating the leaves with wax (thus plugging 
the stomata and preventing transpiration) 
and warming the roots, however, active 
exudation of water may be observed even 
when the day is hot and otherwise conducive 
to excessive transpiration. Or a cut twig 
may be attached to a bent glass-tube, as 
shown in fig. 324, filling the short limb previously with water 
and a little mercury ; on pouring mercury now into the longer 
tube the water is forced up the stem by pressure and exudes 
in drops from the tips and margins of the leaves. 

The force of suction brought about by transpiration may 
be shown in this way.— The stem of an actively transpiring 
plant is bent and brought under water contained in a basin 
and there cut. It is immediately fitted tightly into a long 
glass tube brought under the water, and the out shoot with 



Fig. 824. 
Apparatus for 
showing the 
exudation of 
water from cut 
shoots under 
pressure. 
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the tube full of water h hold vertically over a trough of 
merouryi the free end of the tube dipping in the mercury* 
The leavae remain turgid and go on aetively transpiring, 
the water being supplied by the glass tube, while a short 
column of mercury rises in the tube* This represents the 
foroe of suction of the transpiring organa, ^ 

The transpiration current ascends by the xylem or the 
wood of plants. If a ring of cortex be removed from a stem . 
by running two parallel incisions round it, and the vascular 
tisanes more or less exposed — this does not alter or affect 
transpiration at all. But if, with or without the cortex re* 
moved, the wound inflicted be deep enough to reach the wood 
or the vascular bundles, the leaves standing just above such 
injured portions soon after droop and die. It is the trachesB 
and the tracheid tissues which act as the conductor of water. 

SUMMARY. 

CowDUCTiOK OP WATER or of the nutrient solution takes place— 
(!) by osmosis from cell to cell, 

(2) by rcct-presenre from the cortex to the xylem, 

(3) by transpiration from the root to the leaves. 

Root pbesstjxb is the force with which water is pumi)e(t up by tfie 
root through xylem. By it water is forceti to a great height of the stem. 

TiiAB;SP 1 Sation is the process by which aqueous vapour is given up 
by the green parts of a plant, especially by the foliage. Stomata arc the 
speciai organs of transpiration. The aqueous vapour diffuses out 
through the stomata during the day when the guard-cells are open. By 
transpiration a great sacking foice is exerted by foBage on the 
xylem tissue and this causes the ascent of water, 

<}UESTtON5. 

1. What do you understand by roq^^pressum f 

2. Describe how water ascends in plants, 

3. What is transpiration? Distinguish between sUnmtal and 
enticplar transpiration. 

4. Dsionbe carefully the course followed by water as it enters tbe 
plau^ from tbe soil and goes out by the leaves. 
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ASSiMILATION. 

♦^In the preceding ohipter it has beeti eW^n th?it plents 
require a oen^^nt supply of wateiv that tibe water e^orbed , 
from the soil contains Yarioos salts diasolYed in % and 
that without some of these salts plant Ufe is impossib^* 
But what becomes of these salts ? They ate converted into 
organic compounds by the protopitism* or in other words 
^’assimilated.” Thus, .the nitrates, sulphates, phosphates, 
etc., from the soil along with the carbon dioxide gas of the 
atmosphere are chemically united in the body of the plant 
into carbohydrates, proteids, oils and fats, and so on. 

Absori^ozi of carbon dioxide. — Of all the essential 
elements of plant-food (p. 273) carbon is the most impor- 
tant, for it forms the greater part of the plarit body. It is 
not absorbed from the soil, as shown by w^terculture ex- 
periments, but from the air where it is presei^t in the form 
of carbon dioxide gas. To show that this atmospheric 
carbon dioxide is the only source of carbon and is indispen- 
sable to plants, we simply ^aoe a small pot plant on a shallow 
saucer containing water and invert a bell-jar over it resting 
on the saucer, so that the plant is Enclosed in an airtig^ 
space, After leaving the apparatus exposed to light for 
some time the air in the bell^ar is examined. It sHlt be 
found t^t carbon dioxide has disappeared and peroen^ 
tage of oxygen has ifK^reased. The experlmeM l^ws that 
carbon dioxide gas enters into the plant as suoht and 
we know that the stomata are the psiiBa|0i through 
which this ,gas finds itsdf ii^ the plant-bo^« .It also 
proves that l^e light is required in. cuder tlud; the bat^ 
may absorb the gas, and this isv easily^ egpiain^ lor the 
19 . 
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guard^cells of a stoma open only in light. Hence light by^ 
atimulating the guard’oella opens the stomata not only for 
transpiration but also for the absorption of air. 

I! the above experiment is perfomed in a dark room 
the carbon dioxide is noli absorbed* nor* if instead of taking 
green parts of plants, such as leaves, we take only flowers, 
or roots, or other non^'green parts. These experiments 
show that only green parts of plants can absorb carbon diotide 
and that light is indispensable. 

This atmospheric carbon dioxide passes through the 
stomata to the spofigy tissues of leaves, and there mooting 
the large surplus of water in the respiratory cavities and 
that saturating the cell-wall, gets dissolved to form a dilute 
solution. This solution is then absorbed by all the mesophyll 
cells exactly in the same way as the water in the soil comes 
into the root-hairs, by endosmosis. The protoplasm 
of the mesophyll celts then “ assiipilates the carbon ; i,e,, 
retains it to form starch and such things and lets go the 
oxygen. Thus in carbon assimilation oxygen is sot free. 
This can be shown by a simple and interesting experiment. 

Take a glass beaker and put in it a cut 
portion of the common water-plant Chara 
with sufficient water. Tie a load to the 
plant so that it is kept suhmergedi not 
floating, and leave the whole in sunlight. 
It will be noticed that bubbles of gas 
escape from the cut end of the stem. It 
is easy to count the number of bubbles, 
and comparing the numbers when the 
Fig. nn. Appa- apparatus is piaffed in direct light, or in 
ratuftshowii^eTo- diffused light, or in comparative darkness 
from a plant in , fhe rate of assimilation as it is inflpenced 
^ight. by light may be roughly measured. That 

the'g^ evolved is oxygen may be shown by collecting it as 
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ebowD in fig^ 326* A funnel coyetB the pUnts to that the gat 
bubbles all collect in the funnel and come put only tbrou£^ 
its 6t6in« The funnel it wholly submerged and a tesHube, 
filled with water is inverted over the funnel-stem. The 
bubbles run up the test-tube and collect at its top displacing 
the water. The gas may be examined chemic^ly and the 
fact that it is purely oxygen proved. 

Carbon asaimilation then is simply this : light by open- 
ing the stomata allows the atmospheric ga^s to diffuse into 
the spongy mesophyU tissues where they dissolve in thp 
water saturating the cells and passes into them by endOt- 
moais. Once inside the cell, in contact with the protpi^asimt 
the gas solution is at once altered, the carbon of the carbon 
dioxide is assimilated) and the^ oxygen is given back to the 
air. Being not required in the cells the oxygen is driven 
out by exosmosiS) collects iq the inter-cellular spaces, and 
goes out by the stomata as rapidly as the carbon dioxide 
comes in. Thus is maintained in the leaves a steady stream 
of a carbon dioxide coming in and oxygen going out. and 
this so long as there is light. 

Conditions essential for carbon-assimilation are : — 

1. Light absorption of carbon dioxide and the 
evolution of oxygon increases gradually as the intensity of 
light increases to a certain degree. This can be shown by 
placing the apparatus (fig. 325) in different positions, at 
one time in direct sunlight, at another in diffused light, 
and then in very dull light or darkness Intense light, 
however, acts injuriously on plants, for it dwmposes the 
ohloroplastsi and so does prolonged darkness. Light, oidy of 
moderate intensity is what is required by the plant. 

2. Beat is also required. If the water in the experi- 
ment be cooled by placing the beaker in ice the evolution of 
gas bubbles ceases ; wanning the water gradually increases 
it. Hence a suitable moderate temperature fs essential. 
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S, h also essential, (at only green parts of 

plants ean aSiitniiste carbon. And sitne eblwophylt .fs 
der&lope^ chi^y in foliage leaveai the latter are i^e awi- 
nalllating ergane of plants. ' 

. 4.. Jf^afjsr and the nuirienf sciuiion are of oouree 
neoeesary. For, the nutrient Bolottoii abeoybed from the 
fioO and sent up to the leaves oontaius iron and potaeaiutu 
salts and these are essentiid. Without iron chlordphylL 
cannot be formed* when an iron salt is fioit sup^^Hed 
the cbloroplasts become yellow and funotionless, The iunctioti 
of potassium salts is not clearly hndetstood but its absenea 
markedly diminishes the assimilatoiy procesSs 

Plants grown in darkness become yellow and sickly ; they 
are said to be etiolaied* This is due to the fact that in dark* 
ness chloixtphyll is not formed or is destroyed inspito of the 
presence of iron salt. In the -absence Of dhlorophyll there 
is no assimilation and the plant ultimately dies. 

Many Algos, Mosses^ and young Fern plants can produce 
obloTophyll in darkness, so likewise many seedlings of 
higher plants : thus the embryo of the Morning-glory and of 
other plants of the family has green cotyledons even while 
it is still enclosed in the seed. 

Photo-syntheeis. — The process whereby carbohydrates 
are found in plants under the influence" of light is termed 
pholttsynthesis. It is the same as oarbon^assimilation. By this 
process carbon ^dioxide is absorbed, carbon is flxed, oxygen 
is evolved, and a carbohydrate is formed in the chlorophyll 
containing cells of a plant* The chemical changes which 
lake place are these : water and carbon dioxide coming^ibo the 
chloroplasts of the mesopbyll cells and under the influence of 
light, become <^nibi»cd into a, very unstable^iubstancej termed 
. j[ormic aBehyde (CHaO) as represented "by the chemical 

00, t^o=CH.040, 

4 ojtygen (O, ) i» evolVoiJ ip tibe gasoons ftMCm. Tbisj 



howidir^r» iit ft li|^{M)^asii, \^ A1) tllftt^ oftH W es^ri^ ^ 
meutefiy ibovn i» ft sinii^ft )Qftfbyiyd]^i a auga^ 
haying ^ formnlft aix timea that of th^4bmdp aidatay^y 
€^&j 20 « nan ha deteot^d in nmiy aftaa>. iha 
final prodbot of oarbon'^aiilniilfttiioo Jp k&imtSiy, atliYcii 
(C^HfoOa ) whiah may Be Y^tded as a yftyy i^nd^md a^d 
insokhie form of the soi&r first prepared by tike ohlciroilftrtft 
Iq oertain plants aven cane-sugar (C^t^ty^On) Iteg been 
detected in the leaves. t>krega]ding fbe idiupler fbd into^ 
mediate ohemkal changes in the obtaroplUsts» the final result^ 
photo-synthesiS) as evidenced by the almost universal 
of starch, in leaves may be represented by the cfaemi^l 
equation — 6 CX}j| 4* fiH^ O <=» Cn Ri^Og' + 60^ 

Starch is the firat yfysBfU prefect ol assimilatioii. It most be regarded 
ag A qondeikfied form of the segar Hirhich are a&donbtediy formed in the 
chloroplastb, for the simpler engarg have thetormola end 

by gnbtraoMng one melcoale of water (Hj| 0 ) and mnljiiplymg the 
complexity of the molecules the formula for starch is obtained — this is 
(0, H |0 Og )f|, The starch formed in the mesophyll cells exists in very 
minute grains and has but a transitory existence. It is oontfnaonsiy 
disgolved into sugar and in this form is transported from the leaves to 
the. various (mits of the plant. Hence this stftreh is termed asstmUa' 
tion staidly as opposed to rsservg stardi formed by the ieucop lasts as 
large grains in rescrvCli-s of food matter (c£. pp. 193-5.) 

The formation of stardi by photo-synthesis may be 
"demonstrated in this way. A plant (Sunflower, say) is loft 
in the open sunshine for some time. A leaf is then plucked 
and left injhot spirit for a short time. The alcohol oxtraots 
the chlorophyll ai|d becomes colouted green, the leaf being 
at the same time decolourised and whitened. It is then 
washed in water and then placed in a dilute solutidu of 
iodine when the leaf gradually assumes a dull black or dark 
blue^colour. Tbi# is the iodine reaction of starotu The same 
experiment may be tried with djffbreirt leaves, some more, 
or less exposed to light uud same reipftiliing in the shade. 
The latter ^uld take a beautiful blue colour ; the former la 
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dull black colour as above. Xbis. ehows that in leaves 
directly exposed to light the amount of starch is greater than 
in one lying in the shade. Againi if a plant be kept for a day 
or two at a stretch in a dark room and then its leaves 
examined with the iodine test, after being decolourised in 
warm spiriti they will take up only a yellow colour which 
indicates tixat there is no starch but only proteid. The same 
plant placed for. a few hours in sunshine will show the 
presence of starch in its loaves. An interesting experiment in 
this connection is to take a pot plant (Sunflower* say) and paste 
thin strips of tinfoil over the leaves or write over them in 
bold types with ohiuese ink. The plant is left in the open for 
several hours and then the leaves written or pasted over are 
taken and washed and decolourised with hot spirit. On being 
placed in iodine solution the exposed portions only become 
blue ; the p a|g|px )vered by the tinfoil or ink remain colourless 
and almosit^ffiwparcnt* showing the absence of starch. 

Bo long as plants get light 
their loaves actively transpire 
and absorb carbon dioxide from # 
the atmosphere. Their cells got 
all the necessary raw materials 
and then these under the influ- 
ence of light and chlorophyll 
prepare starch and other things. 

At night or in dim light the 
starch grains are all transformed 
into sugar which travels in ^ 
solution to the different growing 
parts and the underground struc- 
tures. , By the time the sub rises 
on the next day the leaves are 
kept pleat of starch grains for 
med on the previous day and are 



Fig. 626. Leaf coverecj with 
tinfoil with letters cut out 
showing formation of starch 
In light., ' 



t^HOTOSYNTHESlS ^ m 

ready hf assixailation once more. Fig* 337 is a simple 
apparatus by which it can be shown bow air gets 
inside the leaves. A leaf is fitted into an india*rulr 
ber stopper which fits into a bottle containing water, ^e ^ 
petiole dips in the water and the stopper is provided with ii 
bent glass tubing by which the air inside the tottle can ]be 
sucked out. In the act a number of air bubbles escape, from 
the cut end of^he petiole and rises through, the water* The 
experiment proves that air , can freely pass |rom the atmos* 
phere into the leaf. If, however, we paint the spj^e of the 
leaf with vaseline the suction of air through the open tubis^ 
however hai*d, does not occasion a similar evolurion of 
gas from the cut end. This is because the vaseline plugs 
the stomata and so prevents 
the passage of air. If the same 
experiment is performed at 
night or with a withering leaf the 
bubbles do not appear. This shows 
that air can come within the leaf 
only when the stomata are open, 
and that a fresh healthy leaf and 
sunlight are necessary for the pas- 
sage of atmospheric gases. 

Why light 18 essential for 
photo-synthesis.— In the first place Fig, 327. Apparatus to 
without light chlorophyll is not show thataiir can pass 
formed and the stomata do not piaat. 

open for the entrance of air ; transpird^on dc^s not take 
place and so the mesophyll cells, the factory of the plant, 
do not get the constant supply of minerals essential for 
nutrition. And secondly, light is absorbed by the chloror 
plasts and gives them the necessary energy roqtiSt^ for 
the starting of chemical changes. A part of the solar 
energy transmitted in the form of light is absorbed by the 
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i^lotophitla &nd tfaia is iituisforoaed ititio in ^ 

roqmt!^ to tmt up oxygen from tibe ofvtoa of carbon 
dioxide* For the decomi^ition of ^ carbon dioxide aomc 
i9 requiredi also for uniting tbe carbon ^(C) wil^ 
Voter (H s 0) to form the bypotbetioal OH « O or tbe carbo- 
hydrate CVH,aO«, andthig energy i$ given to the efaioro- 
plaste by the soil Thus it will appear that the eun 
guides the formation of the inost importap^t plant^food> 
namdy starch energises the most important forOiatiye 
tissue ol plants, namely chlorencliyma, builds up the whole 


pIant*body, and is, in a sense, 



ege. Plant grown nncier a 
mtmrnim bclUJar containing 
polatn^C^ibi^emate sdetion [S]. 


creator of the vegatationr 
of a country^ Upon thbi 
vegetation the life of the 
animal kingdom collective* 
ly depends. The energy of 
the sun, first absorbed by 
the chloroplasts, is thus 
partly stor^ potentially 
in. the plant, and it is this 
energy which is set free 
in the form of heat and 
light when we burn wood 
or coal (which is merely 
Oompressed wood), and as 
muscular energy in animals 
which have to depend upon 
the plant-world for food. 

Chlafophyll and 
The pigments present in ohlo- 
roplests may be dimlred 
out in alcohol or «ther» For 
preparing the solntkna gran 
leaves, preferably of Oroasor 
similar non-raiuons planlsjpe 
taken in quantity and out up 




into washet} in boiling wntei; Tbejr avo 

in eold til^hoL A doop green so^tion ia obtailieiL IPiile when held b^^e 
the light apf^te ol a br ight gr^ ooioor^ ^ seen In reSooted liii|ht 
pern datl ind. 1*hig Is becanee light OonHsU el 
lOam—Tiole^ iwligO, blne« green, yeHow, oiplfgeifind 3^, 
throngb a adintion of phlor ophyll the yellow to md to idiiorl^nifd 
the blne^green raya paee through ; the eolution appears daySlp^j^tpeili^^ 
redeoted light the rays absorbed by the solntioni namely the rad^yejlSw 
ipy^i nome to oar eyes. The fed rays thus absorbed are 
as the ^ beat rays * ; they heat the ohloroplasts but on being absorbed to 
transformed into some form of ohemical energy leading to the detoU'^ 
position of carbon dioakle and formation of oarbohydratesv The yelloer* 
red rays are the only part of sunlight which is essential tor assimilation . 
To show this double* walled bell^jara are used. These are large battles 
(dg, 328) without the bottom, having a hollow wall which can btjllied 
up with liquids from the stopper. Bichromate of potassinm 
in water to formb red or reddish-yellow solntion which allows the red» 
orange, and yellow rays to pass and absorbs the rest of solar light. Plants 
ooverecl by Jars filled with this solution assimilate almost as vigoronsly 
as in white light. Solution of cuper-ammoninm oxide, however, is deep 
blue ; it allows only the blue-green rays to pass and absorbs the red to 
yellow rays. Plants left in this bine light can not assimilate and soon 
die. Blue or green light is of little use to plants. 


Nitrogen Assimilation.— By tbe assimilation of carbon 
oarbo'hydrates are formed in plants. The greater part of 
the plant substance is made up of carbo-hydrates, such as the 
cellulose of cell-walls, sugars and starch which abound in 
plants as cell-contents. But the living, and consequently tbe 
most important substance of a plant, the protoplasm, is essen^ 
tially a mixture of various nitrogenous matters or proteida^ 
These proteids also occur, though to a small extent, as Reserve 
food matters in plants (see p. 197). The eheuilcal changes by 
which these nitrogenous substances are produced aiu not 
well understood Besides containing oatbrniii hydrogen* and 
oxygen, the only components of carbo-hydrates, tm p^toidasm , 
mid the albuminous products cpntoti a lurge ftototage pf 
nitrogen and small quaiitiliies of sulphur and phosphorous. 
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The manufacture of tfaei^ very oompl« nitrogen com* 
pounds takes place' in the roots and the leavesi and the pro* 
sence of light and chloroplasts is not absolutely essential. The 
nitrogen is obMned almost solely froth' the soil in tiie form 
of nitrates of calciumi magnesium or potassium. Precisely 
edhtt' tak^ place is not known but a class of organic 
compounds knoa’n as amides is often found in leaves so 
long as assimilation goes on. These amides contain nitrogen 
besides carbon* hydrogen and oxygen* and are believed to 
be the first step towards the formation of the more complex 
proteids. Carbotr assimilation must always precede that of 
nitrogen, for carbo-hydrates are essential for the formation of 
these nitrogenous matters. 

The principle of r4lu; eynthei-ic procrsscB faking place in plants is one 
of oontinaed redaction. All tho crude matters which enter the phint, 
either from the soil or from the atmosphere, are highly oxygenated com- 
pounds, such as nitrates, sulphates, phosphates and dioxide of carbon. 
With the help of solar energy the chloroplasts dislodge the oxygen 
from 0 and CO^ , prepare a carbohydrate, and set free the oxygen. 
This carbohydrate is less stable than O and CO^ and has a tendency 
to combine with oxygen. When nitiates reach the chlorophyll apparatus 
they are decomposed to ilislodge fheir oxygen, and a less oxidised or 
dc-oxidised pro<lact rich m nitrogen is produced. Now it is a well-known 
chemicul principle that substances which are less stable have the greatest 
teiulency to unite, ami thus we may conceive a union of the 
carbohydrates of leaves an<t the unstable nitrogen compound. The 
result of ibis union is an amide ; similarly with sulphates and phos* 
phaPs a similai process of deoxidation would result in the pioduction 
of substances containing sulphur and phosphorous lespeolively in such 
an unstable state of union that they readily let their snlphar and 
phosphorous combine with the amides to form probably some of those 
things which constitute the protoplasm. By the time tho protoplasmic 
substance is formed there most have taken place a series reductions 
u^hereby the most deoxMised substance known— *tbe protoplasm— is 
formed. It is for this reason that the chemical nature of protoplasm 
ca!l||li# to ascei^ making it extremely elnsire to a 

jetollieal hatidling. 



nmto&m Ammijition mq 

Hie ekie( producto ef euiinibilien are ! 

h Oai^o^hydiatos (see p. 193} of wbio^ starefa> sogaTs* 
and oellulose are the moist important. 

2« Proteids dr albumens (see p. 197) t»mxprisitig numeir 
ous elasses of nitrogenous organic matters. 

3^ JfktM and oils which are chiefly compounds "" of 
carbon, hydrogen, and oxygen but are much more complex 
thim the torbohydrates, and contain a tdsaller percentage 
of oxyen ^flhan the latter. They are absolutely insol^e 
in water unlike sugars, starch and many proteidi* ^ 

Distribution of Assimilates. So long as tjbere is tfireot 
or diffuse light leaves prepare starch and albumeiis, wliioh 
are of course far in excess oi what could be required by 
them for their growth. The assimilated matter is sent 
to the different growing tissues and the surplus matter is 
stored in special reservoirs. The migraticm of the assimilate 
od matters to the various parts of the plant-body takes 
place in solution ; for starch is a solid substance and cannot 
obviously pass tbixiugh cell-walls, and protoplasm and prot- 
oids are colloids and consequently are incapable oi diifusing 
through cell-walls. For transportation, consequently, all 
those products of assimilation, or assimilates as they are 
called, are first rendered soluble by certain bodies known 
as enzymes. The enzymes dissolve the insoluble organic 
compounds by decomposing them into simpler soluble forms. 
Starch is conveiijed into sugars by the enzyme termed 
diastase \ the sugars ^dissolve in the cell-sap aird by the 
pmcess of osmosis pass from cell to cell. For a long-distance- 
ed transport these sugars travel through the vascular bundle- 
sheath as well as through some of the parenchyma oelis 
of the bundles. Brought to the underground parts of plants, 
or to other store-houses of rese^ food, the sugars are 
again converted into starch with the help of leucpplas^. 
Proteids are decomposed into simpler, nitrogen compounds, 
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guo)i as which are b^My iolmhie, 

or peptoniaicig enzymes dalled proiit^s aed \ 
brought i®to a state of solution whioh re^^^bes the wi®;^ 
tubee are then easily tranapoiiied over long. 
Sieve'tobes and their com^tiion cella are the chief oVlatis 
for carrying nitrogenous food-matters which pomtog ^ such 
reservoirs as underground stems and rootsj seeds and 
become trantlormed into those reserved proteids^ mei^cped 
on page 197. ' , \ 

The elabozatedi sap, as the solution of the assimilates 
travelling in plants Js called, is thus conducted from cell 
to cell by osmosis, and transported from one ejdiremity 
of the plant to another by the phloem and bundle^sheath 
tissues. The xylem, it should be remembered, is the tissue 
for the transport of the ascending or the crude sap. 

SPECIAL PEOCESSE8 OF NUTRITION. 

Plants which prepare their own food — carbqjiiydraie and nitrogen- 
oas— irenn i^w inorganic Bubstauceb are termed autophytes. Those 
which live on decaying organic matters arc saprophytes, while parasi* 
tes are plants which live upon other living bodies, animals or plants. 
All green plants are autophytes, whereas the Fungi as a class are either 
saprophytes or parasites. Instances of parasites and saprophytes are 
not rare amongst the I'bancrogams (for root-paraslies, see p. 25). In 
certain cases two plants exist together for their mutual help ; they 
form a life-paitnership and arc called symbionts, the phenomenon of 
their composite existence being known as symbiosis. 

In auicphytCB the most common mode of nutrition obtains— tliat of 
assimilating carbon, nitrogen and other elements with the help of green 
leaves. The Bssimilation of nitrogen, however, is peculiar in plants 
bel€>ogiog to the Pea family (Leguminoeeae). All green plants get 
nitrogen in the form of nitrates or ammonia salts from the soil ; they 
can not assimilate the free nitrogen of the air. Leguminous plants, on 
the contrary* form an exception. They can thrive well on a soil poor 
in nitrogen compounds as a matter of fact, enrich it with 

, such emnpoun^ They take nitrogen from the air and ^ it in th^e 
^j^l. This |hey do with the help of certain bacteria-like organisms iH'e- 
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flftn^; A|id ff# 'ti«e 'jits 

m mef eMy 4i^ing <0el 

^fikifeand vrftiihiii|g it tree f rotn th6 Adtarlfiig ioitl. The 
ridtas minute mSerosooplD bddiee wbl«%; tlie 

babe ib .iM tom of extjfemejy thin tubes nnd^epbhlng ihetooitex form 
exMi^e^olonke in the cells. The cortical oel|j| are abi^nimlliy ethnn-^ 
luted grow oat in the form of tubercles, ^hey. «fe veiy i^h In 
fita|eb (^d teeeiye tiny divisions of the vascular bttndies brma the mot 
The iM0^^eiok& Absorb the nitrogen from the &1r^ (Mmvert it Ihto some 
nitrogen oomponnd >ivhioh is readily assimilated l^the j^bsnt^ and 
return get a safe and oongenial home as well at an nnlmnlf4^enpply of 
oarbofaydrates. ' Thus hOre is a symbiosis. The beoterioSds helptog 
plant with nitrogen, and the plant helping its gdest with carbohydrSS^ 

Far nmre extensive than the above are the symbiotic relatiooi^ip 
which many Fungi forms with certain forest trees. The roots of 8U<^ 
trees arc commonly surronnded with a thick coat of fungal thread^. 
Caieful examination shows that theke felted roots do not generally pro^ 
dttoc any root-hairs but that the work of the latter, that of absorp£k>tf 
of nutriment, ia performed by the hair-like threads of the fnngus. The 
symbionts mutually derive great benefit from their life-partnership, for 
the bed of the forest is very rich in decaying leaves and organic matters 
which form an acid humus injurious to root-hairs and incapable of being 
absorbed by the plant unless first absorbed and rendered harmless by the 
action of the fungus. Such a symbiotic onion is called a mycorhixe. 

Another instance of symbiosis is afforded by certain plants known 
as Lichens which were formerly regarded as a distinct class, but are 
now known to be made up of Algae and Fungi in intimate life-partner- 
ship. The common Lichens are those which are observed as a greenish- 
white incrustation on Palm trees and bare rocks. The Algae of the 
Lichen being green assimilate carbon like autophytes but as they live 
on rather smooth surfaoee the Fungi are of use in enabling them to 
absorb water avid to remain attached to placed where otherwise iliey 
could not liv<g The Algm help the Fungi with carbohydrates ; the 
Fungi help th&,Algm with water and minerals and a secure positioii. 

V InsectivoToua planU 

Of all the various forms of nuuition autophytes none is more 
remarkable thkn what ^kes place in iaset^vovoiis plants. Although 
th,ey are green plants and quite fit to assimUath, they seem to have adopted 



atipeete oontrivanoe of eeoaiixig .^trogciUNif lood. M rvi^ata 
of wat«r*lo^ged places,* or places tdry po«»r in nitrogcNS ap^ pbosidioioiifl 
Cfnapoondsi and the general conditions of tbe soil and the lttiitos(]»here do 
not offer a tolerable transpiration. Conseqnentfy their leam jdo not 
get that oonUnnons and rapid snppiy of mineral salts [which alone can 
afford nitrogen and phosphorous] which is^llw rule in other green plants. 
Hence tbeu- peculiar adaptations to secure nitrogenous food from the 
insect world, „ 

Xn some insectivorous plants (sffs the eohur^ pla^, the toavd^am 
modified into hence these plants are c^Ue^^piteliar plants. 

In N^mtkeSt an America climber^ the petiole is VOry longjihd acts 
like a tendril at its lower part while the upper part, forms tha hollow 
pitcher, as shown in fig. 329. The lamina of the Is extremely 
reduced and forms only a small scalcdike lid arching over the pitcher. 
The pitcher is aiti actively coloured and the rim is smeared with a sweet 
and fragrant honey. The inside of the pitcher is very smooth, so that 
insects tryfng to descend from the rim where they first land slip doarn 
and aredroa^ned in the liquid contained in the pitcher. This liquid is 
Wereted by small glands lining the cavity of the pitcher, and is an acid 
duid containing digestive ferments. Insects falling into this liquid are 
killed and become gradually digested by it the liquid is then absorbed 
by the plant to supply it with nitrogenous food. 

Other pitcher plants, the Samto^^ and DorUfi^iimktSf form 
their pitchers in roscUeg on the ground, Tl»c 
pitchers, or atcidia as they are also callcKl, 
are here too inflated and hollowed petioles with 
the lamina reduced to a small lid at the 4r0p. 

Other insect ivofotts plants have leaves 
which can actually catdh small insects. 
These are callctl flytraps, the Venus* 
flytrap (Dionca) the leaves are spread flat 
on the ground the petioles forming a 
pretty attiactive velvety cushion. ' The 
lamina consists of two lobes the two' sides 
o£ a midrib, each lobe having, a ciliated mar- 
gip. There are a few sensitive bristics on the 
surface which when touched by an insect 
Fig, 829. instantly causes the two lobes to fold up and 

tile Ctcher the mwginal teeth bccomq^ihon fii’mly inter- 

’ locked. In thin, an insect .toiqipct 

imprisoned, pud gradually tjPrangled und 
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eni«li«d to Mkih, By.thito t^onea ^feh 

dead body with the help ot fermemg, and the lonoie^^i# 

absorbed by tl#piaot. TUo leaf then opea#f eOdjr W the next 
to be idmilorly trapped. 



Fig. 330. I4eal of Dfottup with the tentacles folded on an inaeofc, 
Fig, 33t, The ^aate with the tentacles outspread. 

Another fly-trap, common in’ certain marshes of Bengal, is the 
Sundew [Drosifa)* The lamina here is roundish ami boars a large 
nnmbcr of delicate winc*Ted filaments ending in a glistening head. Hmall 
creatures arc allured by the sparkling honey drops, at the top of the 
fllan^juts « hioh shine like liew drops but as soon as they alight they are 
held fast by the sticky secretion, and can not escape as the flliilaents 
bend towards it from all directions. The more the insect struggles the " 
moi*e these Iswicdls^ (ss the fl laments are called) curl over its bcily 
and secrete at the same time a copious fluid whioh chokes up the 
creature, kills it, ftnd then^radually dissolves its body. After a time the 
nutritive fluid is absorb^ by the plant and the tentacles again open 
font laying the tiap for the next insect. 

In another plant, called PHigtmda, (see plate), the leaf 

becomes slowly rolled up from one margin to another when insects 
crawl on its Carfaoe . 

In t/tr&adarktSt a family of floating plants found in the marshes 
of Bengal, some cl the leaves are transformed into snudl bimiders with 
a smnil opeidng at one side. Small water*mites and slogs seek shelter 
Inside » the bladder, but once within it they can not come out. Thus 
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tli«9r die and then their body 1» ^Ufisdlved by ati aeid seoretibii 
id glauda UnlUg the interior of the bladder* 

m Saprophytes end p||reeifoi^The a eiase are 

either IHipropbytefi or parasites ; theit special mode of natritloQ will be 
desenbed iu the section oh Fungi, Saprophitic phanerogams ai-e rather 
rare. On the contrary thei’e are many Gowering plants which lire 
parasitically upon other plants. The Alkooshy or Swama-lata {cuscuta) 
mentioued oh p« ^ is a case in point. This plant is h hrtal paras^ ; it 
has no lehree and little cblorophyLl and consists ot rqieatedly branched 
yellow wire-Hke stems. It does not assimilate car boil lor nitrogen but 
gets organic food matters from the host plant. The secii contaiim a tiny 
thread-like embryo. On germination a short root is sent to the groondl 
and the Shoot elongates rapidly and at the same time makes sweeping 
movements in the air in order to catch holt) of supports. If it meets 
with* a suitable soft-oortexed plant, the stem goes on coiliag round it. 
Short whitish protuberances now appear from the stem which penetrate 
t^e tissues of the host plant. These are haustoria (p. 26), the peonliar 
si^ventitious roots of the plant. The primary root by this time rots away 
^%nd the plant is separated from the ground. The haustoria |^ben well- 
developed prepare zylem and phloem tissnes and these fuse with the 
corresponding tissues of the host. Thus the solution of raw food-matter 
absorbed by the host from the soil travels throngh the xylem of the 
parasite. Similarly its phloem taps the assimilated organic snbstanotis 
prepared by the host and conducted by phloem. The partmitc really 
robs tbe bost plant of its food and may eventually kill it. 

Another common parasite is the Oro^an^e-^A flesh-coloured plant 
often detected on cultivated groontis amongst various cultivated plants, 
it is a root parastto, that is, it grows with its roots attached to the roots 
of other plants— Brinjal, Sugar-cane, Sush-kush etc. U lias no 
green leaves ami no chlorophyll and hence depends en^iirely upon the 
host plant for the supply of assimilated food. 



CHAPTER XXIV. 

RESPIRATION. 

Lik^ ^nimalB plants also tnust breathe m. to live. 
They tahpe in oxygen from ^e air and give ont egrbon 
dkm^ide (€0a) and a small qu^tity of water vapoun This 
process is called respiration. It can be ehbwn plaotng a 
small plant or a few seedlings in a tumbler which is ^eo 
kept with its mouth covered in a dark pfame for twenty^ 
four hours. A lighted taper is then introdueed when it is 
instantly extinguished. A quantity of lime-water is also 
poured when it turns turbid and milky. Ilieae tests show 
that there is no oxygen now in the air of the tumbler but 
instead a large quantity of carbon dioxide. Tbe fact that 
water vapour is also exhaled by plants cannot be shown 
So readilyi but in favourable cases the tainUer in the experi- 
ment will appear dimmed with moisture. Tbe dimness 
arises from the condensation of the water-vapour given out 
by tbe plant on the sides of the tumbler. 

Fig. S32 shows an apparatus for demonstrating respira- 
tion. F is a -flask with a long neck the open mouth of 
which dips in mercury contained in a trough. The fiask is 
partly filled with capitulas of Sunflower (or with flowers 
which do not wither readily, or with germinating seedlings), 
and a plug of cotton (C) is pushed into the neck so that the 
flowers do not fall when tbe flask is invert^ as shown. A 
little strong solution of caustic potash is then introduced 
into the inverted flask standing over the mercury. A 
similar apparatus is fitted but without the potash. . Both 
ai*e then set apart for several hours or days. After some 
six or seven hours it will be notioed that mercury rises in 
the neck ol the first flask. It goes on rising for some time. 
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for tha next Iwantirfour to iorty^eight itourst after whielt the 

mercury eo)amu remairia siktioiQ^ 
In tlie Acoond fiaek there 
la ap{»ireuMy no cfamge^ The 
esplapi^k] is that Ihe flowers 
take up oxygen from the air in- 
side the flask and give out carbon 
dioxMe; the latter being rapidly 
absorbed by the potash the 
mercury nses (W), but it cannot 
rise above a certain limit* For, 
tha volume of the mercury 
column indicates the Tolume of 
carbon dioxide evolved by Ibe 
flowerS) and this can be never 
more than one-fifth the whole 
volume of air contiuned in the 
flask. ^ .Oi»e-fifth the volume of 
air is oxygen, the rest mainly 
^ig. sae. appurstiis to nitrogen, and so the experiment 
AowrwpirMioniapiRot.. show, that the volufM of carlm 

dioKiie tmhaUd is equal to ihe iiohme of qaBtfgen absorbsd. This 
is corroborated by the second flask the volume of air within 
which remains unaltered* Here potash is not used and 
hence the carbon dioxide evolved is fidt absorbed. If now a 
quantity of potash bo Introduced into it the mercury rapidly 
rises and comes to the same level as in the first fi^k. 

That oxygen is absolutely necessary for the life of 
a plant may be shown J)y placing small plar^ in large bottles 
the- air pf which is replied by various gases carbon 
dioxide, hydrogen, nitrogen and so on (fig. 333). The plants 
mpidl/ wither and die. 

^ an atmosphere devoid of oxygen all vital activities 
st 0 |^, Vicious movements of flowers, leaves, stomata. 




tirnfMAtim ^ sot 

mm M takfli; {Itfittei tbd 

dlBii ti die^ b« 

it jft toot tote the «ltil 

{unGtioiM 900 f 0mif0A mi ^ plaint 
^ looke baalthy, " 

^It will be noted tbat mf^ratioii 
iniFolyeB etolutioif of ci£boo diox^ ' 
ide atid «bK}r{)t^ ol oxygeo^p^ 
eeasae diamtrioally oppctfSad to w^t 
takee pUoe in 4MiiKii)atiaii, Only green 
parte ol plants evolve oxygen end 
abfiorb oarboii dioxide frcmi tbe air 
(photo-eyntheaie) only so long as tbero 
is light. But alt Uvmg path planis 
take in oc^en from the otr and pine 
put eerbon diomde (respiration) bidh 
by day and night. Henoe it is not 
easy to show that gi^een pai*ts of 
plants are respiring during day tiine» 
for the process of assimilation tak^ 
place far more rapidly than respira- 
tion;^ In light uflsiniilation masks respiration completely.^’ 
If kept in the ilark, however, even green parts of plants 
may be shown to be ooutiouous^ respiring. Jf in the previous 
experiment (8g. 332) graen , leaves be taken instead of 
flowers and the apparatus exposed to light the ascent of 
mercury will not take place at all, for respiration Is counter- 
balanced by the aasimilation ol the oarboti dioxide that is 
given oat. Tfausi whi}e light and chlorophyll gra conditions 
absolutely" necessary for assimilation, 

. Conditions ^affecting respiiatkm are Vmygm — 

this is absolutely necessary for no plant can live if 
long deprived of oxygen. (3) \Fsef—r6spii»tion is greater 
the higher the temperat;nro. (3) O0ly \mmg and active parh 
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to show that plants 
osn not live in sn 
atmosphere devoid of 
oxygen. 

gases can be. passed 
tbrosgh the 17 tube 
into the bell*iar 
which stands m a 
glass vessel containing 
water. 
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ptmis respire. See^s nnd «|K)re« being domiurtt for 
some time after they are formed do not respire until they 
germinate. (4) /Rapidly yrmin0 parts respire vigorously* 
Seedlings if Yept in darkness respire strongly and become 
abnormally elongated^ Any condition tending to retard 
growth also retards respiration* (5) Mespiraiim takes place 
in lighi as VOeU as in darkness* 

Heat is evolved in reapiralioi!«'--This 
can be shown by arranging an apparatus 
like that shown in bg. 384« A number of 
germinating seedlings with a little water 
are taken in a bottle the mouth of which is 
closed with a cork provided with a thermo- 
meter and a bent glass tubing. The ther- 
mometer is pushed right into the seedlings 
and the glass tubing is connected with a 
Fig, 334. Appa- bulbed U tube containing pumice soaked 

Jv^ntion^ofteirt P®**®** solution. The seedlings take up 
in respiration. oxygen from the air in the bottle and a 
stream of air is sucked into the flask owing 
to the carbon dioxide evolved being absorbed by the potash. 
The thermometer registers a temperature higher than that 
of the air. The same apparatus may be taken to show that 
the heat given put is proportional to respiration. Any 
thing which increases respiration, heat or oxygen, for 
instance, causes also a relatively higher temperature. 

Oxygen absorbed for respiration is used mainly in oxidis- 
ing the protoplasm and its plastic products. This oxidation 
being a process of slow oombiistion gives rise to heat and 
gives energy to the protoplasm to carry on its many-sided 
functions. It also helps to break up the many complex 
matters produced in plants into simpler slibstanoes which 
may be at once utilised for growth. It is for this Reason 
that respiration is very active in seedlings and growing parts 
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of jdaotw. Somethnesi boweyer# carbon dioxide le expired 
without the abBorption of 0]|yg6n. This may be observed in 
many seeds which germinate even in the absence oi oxygen, 
This sort of respiration is called intxamoleculaz or iuta0fv^ 
respiration. 

AsBimiJatSon and respiration form the two chief processes of melalio* 
lisni. By metabolism is understood all the varied chemical changes 
which take place in the plant body. These axe fnlncipally of two types ; 
(1; Ciwstnictnfir ' cbungeB which result in the oonstmction of plastic 
products, and (2) Dt^ruc^ changes whereby these products are, 
deooropo^ and degenerate into waste matters. The constructive pro- 
cesses constitute anabolhm ; the destructive processes constitute csta*^ 
bolitm. Photo-synthesis is a typical case of anabolism, respiration d 
catabolism. The points of distinction between these two are ; — 


Respiration 

[1] The simplest and most 
essential catabolic prooess-^be- 
ing one of breathings 

[2] Involves absorption of 
oxygen and evolution of carbon 
dioxide and w^ater vapour. 

[3] Takes place in all living 
organs, in every living cell 

[4'] Takes placo at all times, 
indci>cniient of light. 

[5] By it a plant loses 
weight. 


^hoto-aynthesis 

[ 1] The simplest and most 
essential anabolic process^he^ 
ing one of feedmg. 

[2] Involves absorption of 
carbon dioxide and evolution 
of oxygen. 

[8] Takes place only in 
green organs and cells contain- 
ing •chloroplasts. 

[4] Takes place only in 
light. 

[6] By it a plant gains in 
weight. 


As instances of cajtabolic changes may bo mentioned the formation 
of such waste matteis as gums, tannins, mucilage, resins, latex and so 
on. The pioducts of catabolism travel through and arc stored in iutcr- 
ccllular spaces, latex tubes, or special glands. 


SUMMARY. 

Assimilation is tbc process of building up of plant-substancc from the 
crude food-matters absorbed from the soil and the atmosphere. Carbon 
assimilation or photo-synthesis is the chemit^al process whereby carbon- 
dioxide and wat^r unite under the influence of sunlight to produce 
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oarbo-hfcirates^ sochiis eiigaraiid atsrob. IttalbQiB fnidJifmii 
p»i:to 9! ptotB and in presenor of ligbt. Clil0i:«^jaiU tof tbo oigam for 
ikijmbbg a part of solar energy and trftli its help unite obemipaHy 
carbon dioxide and water to form sngar or itarch which is the llrat 
ximbk product assimilation. 4ftor a carbohydrate is formed 

nitmgmi-assimilatioD takes place. For Ibis porpose carbo-hydrates are 
essential and also nitrates of calcium, potessifMn, or ammoniam. The 
pnodaots of nitrogen-assimilation are various kinds of ettsuasns which 
are complex nitrogenons oomponnds. Sulphur and phosphorous are also 
chemically united with the carbo-hydrates to form Still more oompta 
compoumU* 

The products of assimilation are tlissolved by certain bodiesi termed 
ensymes, the true nature of wbioh is not known. An assimilated sap 
is thus formed in plants, and it travels in the plant through m 
vascular bnndle-sheath and the phloem. 

Boring life all livip^ organs carry on an oxidising process whereby, 
latent energy is rendered available. This is Rospiraiion. In this 
process oxygen from the air is taken in and carbon dioxide and water 
vapour are given out by plants. Though a destructive process respira- 
tion is absolutely necessary, for without it the constructive process of 
assimilation can not work. 


QUESTIONS. 

1. Describe an experiment to show ^that only green leaves can 

assimilate carbon. ^ 

2. Explain bow starch is formed in leaves. 

8. Give an account of the way in which plants assimilate nitrogen. 

4. Give an account of assimilation in leguminous plants. What 
is myoorhisa f 

5. What is respiration f Distinguish it from assimilation. 

6. Describe an experiment to show that plants most breathe in 
order to live. 

7. What conditiohs are necessaiy for (u) assimilation and \h) res- 
piration and why f 

8. Write what you know about insectivorous plants. ^ 

8. Explain the tenns HetaboHsm, symbiosis, intra-mcleoular 
respir&tkm, pbme-eynibesis, cnsyxnes, and anabolism. 



OiAPtER XXV. 

.GROWTH 

Grow& does not m^n a moro inei'aM ifi volamo. A 
dried and lAirii^etled grape or raiein or a date will ewell 
up iff water* but that does not indicate growth, Oro^/rili 
means a pfrtMtnent change/ in the /om of a plai^ and ean 
take place only in living parts. This change is generally 
seen to be an increase in volume, )but there may also be 
no inei'ease at all, and an actual loss ip weight may ooout i* 
due to respiration and transpiration. 

* Cohditiona essential to grotvtlt are 
All growing cells and organs require water, for (a) ft makes 
the cells turgid, (b) it is a constituent of protoplasm and ' 
the plastic matters, (c) it is the medium of chemical ohaoges, 
K'and (d) it serves to conduct the varioos food-matters 
required by the growing organ. 

2. Jempera/ur 0 ) which must Pot be either too high 
or too low. It exerts an important influence on absorption, 
photo'synthesis, rate of digestion, respiration, and wo on. 

3. Oscpffmf vrliioh is necessary for respimtion. It is 
well-known that growing organs respire vigorously. 

4. Plasiit or nuiriiivg maUrials which are n^ssary 
for the building of new cells and protoplasm, and for 
increasing the materials of existing cells.. 

V Regions of growtli<- Young growing organs, such as 
7 growing stems and roots, exhibit two more or less distinct 
zones. In one the cells divide aotlvely, but grow little; 
in the other cell-division is greatly diminished or altcgetiber 
lacking, and the increase in size of the cells pronounoed. The 
fprmer consists almost wholly of and may be 

called the sotMT ^ diririm, while the Wter consists- of cells 
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more or less modified into parenehyma and may be termed 
the sons of elongatm. The sone of division is far shelter 
thah that of elongation ; it ooonpies the tip of the growing 
organ* and the zone of elongation extends hack from it for 
a distance several times greater. Elongation is greatest 
just bt^low the meristem and it decreases gradually towards 
the permanent adult tissues of the organ (see pp. 203'^?). 
The region of growth in the stem is as a rule much longer 
than that of the root* while in several twiners it may extend 
over several feet in length ! 

The rate of growth of an organ (of every coll of a plant) 
varies gradually throughout its course. It begins slowly, 
increases to a maximum, and then becomes slower till it 
stops. The time during which these regular changes in the. 
rate can be observed is generally spoken of as the grand 
period of growth* At the very apex of an organ the cells are 
merely dividing, growth consists mainly in an increase of tho 
quantity of protoplasm and cells ; as new oell^ are oontinu- ^ 
ally formed from the meristem those which are farthest from 
the apex cease to divide and a different process of growth 
takes place in them. This is growth in volume or extension. 
Lower down the cells gradually pass over into a state of 
decreasing growth and ultimately into the condition of per* 
manent tissue. 

External factors exert a powerful influence ^ on growth ; 
all elongating organs are highly sensitive and they modify 
growth in response to the influence exerted by the parti* 
Gular soil and climate in which the plant is growing. 
Growth in the sense of elqngation is greater when the ex* ^ 
ternal conditions arc. moderate ; this is the optimum state, 
as opposed to the mammuin and minimum states. 

1. Light, though one of the prime factors for assimh 
lation. definitallf retards growth. A plant kept in darkness 
elon^tes more 'rapidly than when it is in light. Plants 
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Wbieti itv« la JiQQtiy loe^t^iea are of a appaariif^il f 

wltUe tho^^ wfaioh ‘ live in sliadp* atiiDli fs cdiipberi liiva 
ttsually bag ioternodes. fnkme li^ a ^ssaHm a/ 

and In proportion as its. intensity ^hBipiehOB ebnga- 
tlo& of organs, ospeoialty of tbe stem, is fayourM. It is for 
this that plants grosring in bot places wToie^r^ iov 0 ^n 0 ^ 
tbe tropioal sun is directly oirerhead,^are atiortf Stiff and 
woody, and sbade plants are soft, . tank, 4^ipate> idonga^d 
aOd bare soft^textured leases. Long^eontinuod darknaiSf 
however, acts iniurtously on plants ; they fail to 
but elongate abnormally, turn yellow and then die. This 
happens because a moderate intensity of light is required* to 
stimulate the protoplasm carry on gro^yth-prooesses ^ 
failing th& . it is broken, down or disorganised by 
continuous respiration. An exposure to light, if darkriess 
has not prevailed too long, is often sufficient to revive* a 
dying plant. 

Light airo determines the diredum of gromng oroan. If a 
small Sunflower or any common pot plant be kept before the 
open window of a partially darkened room it will be observed 
that within a few hours the steni bends towaids the 
window. , If a sprouting Onion be left suspertded by a thread 
before the window of such a room for a day or two, or long 
enough for the formation of a few roots and the green shoot, 
it will be noticed that the green shoot is bei4;i towards light 
while the white roots point away from the window. This 
shows that the direction of a growing organ is regulated py 
the direction of ^the incident light. Se^veral small plants, 
Kaohoo (CoheOsi^) for instance, commonly growing near the ' 
the margins of ponds and marsbea, turn their leaves towards 
the east in the forenoon and gradually bend westwards On 
the approach of dusk* This movement pbviousl/ takes place 
to catch tile direct rays of tiie sun. This phenomenon is 
known as hwUotmisiam. The idioot always moves towards 
20(a) 
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the fiicmree <»{ 4ighti it seeks light and benoe is said to be 
pmimJti heliairopic- The root always moves away from 
light, it is n^gafhelp keliotropie. It is for th s that roots 
of some climbers and epiphytes seek the ^crevices in the 
bark ot the supporting tree. Often leaves and branches 
move in such a way that light fails perpendicularly on them ; 
they are transperfelp brliotropic. This transverse heliotropism 
may be witnessed most conspicuously in planbi which trail or 
spread on the ground, such as the Amrookshak (Oxalis), or ip 
rhizomes. The leaves turn and twist the petioles variously 
and always secure a position in which their lamina is spread 
almost horizontally to catch the direct rays of the sun. 

Growth is infliiorrced only by a part of the solar rays. Of 
the seven coloured rays which constitute solar light, the 
red to yellow half only is of importance in assimilation. 
Exactly the other half, namely the blue and violet poriion, 
18 concerned in growth. This can be shown by the 
experiments with the double-walled bell-jars described on 
page 296. Two seedlings of Sunflower or Pea, say, are 
placed separately under two jai*8 which are left before the 
open window of a pirtially darkened room. The jars are 
filled one with the red bichromate and the other with 
the blue ammoniacal copper oxide solution. In a shori 
time it will be noticed that the seedling under the blue 
jar has bent towards the window while that in the other 
jar has not appreciably changed its position. If' kept 
long the seedling in red light will show abnormal elongation 
and etiolation, that under the blue jar grows but little. 
This showe that normal growth and movement can take 
place only in blue arid violet coloured light. If kept longer 
and the necessary conditions for nutrition be fulfilled 
(excepting of course light) both plants die ; one for want 
of a^eimils^on an<l hence from sheer exhaustion (blue light) : 
tbe other (red light) for want of that moderate stimulation 
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by light without which growth ' canisot go on. The plaAt 
under red light grows as if in darhnm. 

2. Moiature also directs growth. Thus roots ^always 
move towards .moisture* This phenomenon is called hydros 
tfopiam. The root is said to be p<miwely hydr^^upkf 
while the stem is negatU>0ly hydrotropic^ beoaime it moves 
away from moisturei towards air and light Presei^ 
of moisture in the soil greatly deteiminee the form of 
the root. Plants growing in marshy places have seldom 
any long tap-root, for their stems copiously produce thin 
fibrous roots. Desert plants* however, have to seek water 
from a great depth ; their roots elongate by virtue of their 
hydrotrapism* ultimately reach the sub'soil water* and 
hence are abiiorzually long and stout (p. 19). 

3. Like light and moisture, gravity also is an important 
factor in determining the direction of growth of an organ. 
Gravity no doubt pulls all things equally, but it stimulaith 
growth differently in different organsj of plants. The pheno- 
menon of the growing organ moving under the influence 
of gravity is known as geotropisna. The main root always 
grows downwards, and hence is said to be posiiivtly geotropic. 
The main stem always moves away from the earth, and 
is hence negatively geotropic ; rhizomes and branch-shoots 
are transversely geotropic, they place themselves at right- 
angles to the lines of action of gravity. 

4. The temperature of the medium in which an organ is 
growing also influences its growth. No growth is possible at the 
temperature of ice* nor at that of boiling water. A moderate 
tempeiuture is essential for growth, but within certain 

limits growth is greatly aocelerated by heat or warmth. 

The above are the mobt iinj)oitant factors which unlvcrhally 
affect plants. Others of kss impoitahce are : the nature of the 
cHmate, and the salinity, porosity, richness or poverty of the soil of 
the locality in which a plant is living. These also operate on the growth 
Of plants and give rise to what are calleii growth* forms. (5^ BooJogy.) 



CHAPTER XXVL 

REPRODUCTION. 

RepToductibn means tlie production of new plants out 
of a mature parent. A plant cannot grow indefinitely; it has 
a definite period of growth, a definite term of life^ so to say. 
But normally all plants reproduce themselves before they die. 
There are various methods by which plants are reproduced ; 
these are of three principle types ; (1) fgpfoAuctimt 

(2) Sexual reproduction and (3) Atexual reprodudion. 

In vegetative reproduction parts of a plant, specially 
developed for the process, separate fiom the parent plant and 
develop into new plants. 

In. sexual reproduction, a more complicated process, 
two kinds of reproductive cells are first formed, neither of 
which is capable of farther development, and both . may 
perish unless opportunifios are given for their fusion with 
each other. The reproductive sexual cells are called 
gametes. 

In Asexual reproduction single cells, called spores, are 
separated from" the plant, and these develop into new plants. 
It is not known in higher plants but is common in the 
Cryptogams where these spores are formed in very large 
numbers. 

Vegetative repxoduetion iti higher plants consists 
merely in the separation of lateral shoots or special buds, 
or in the division of a single plant into several. Thus a<|ua‘ 
tics and herbaceous plants multiply very rapidly produc- 
ing stolons, offsets, runners or rhizomes, corns, bulbs, mid 
tubers. I'he parent plant producing these special forms of 
shoots dies after a time, and a crop of new plants is then 
iJorhfed wbiob separate from one another by the rotting 



of tbe '€cmti«etiiig WmeiM. 1$# 
undergroni^ «}ioot» (see pp« ta 34) msksSm Isrgg Iftores 
of food leattier at the expense of whieh, tho super&oial ^^^es '* 
px hock sprout up into new piants. For suoh^ 
runners and offsets see pp« 50 1o 57. 

Aerial huda and tubers are also formed in cet^n bil^Sr 
plants* wfakh separate froiu tiie parent and sprout up Khe seeds* 
The adventitious bt>^s in the leaf-matgfai of Ikfo^yHulii 
(p. 43t fig. 65) are histanees. In oertafn Lilies small bulbs 
are formed in the axil of the braet-leares ; these are espeoi^ 
ally eonstrueted with a view to detaohment frosn the parent 
plant) and are called bulblie. An instance is OMba 
/aril) a creeping herb whioh produees small bulUls in 
the axils of lower braota of ^the infloresoenoe. When the 
plant dies the bulbils remain on the ground end give rise 
to new plants. The Ebam**aIoo (fig. 47) produces little 
tubeia on their cliinbing stem which separate from the plant 
and falling on the ground produce new plants. 

Special * multiplying shoots, such as stolons, etc., are not 
fonned in larger shrubs and trees, but it is well known how 
simple it is to increase and multiply a plant by evitings or 
graf tings. The common fruit trees. Mango, Litchi, etc., are 
thus propagated l:>y gardeners ; also the Rose, the Marigold, 
and other flower-plants. Some pla' ts, such as the Sajina, 
are very readily increased by cuttings ; all that is necessary 
is to lop off a branch and p£ant it. « 

Sexual reproduction in its simplest form consists essen- 
tially of a fusion of two protoplasm m^^ses or naked cells 
called gametes. The gametes unite to form a stpofs, which is a 
single celLfiiom which by repeated cell-division a new gene- 
ration arises. In the lower plants the gametes are very 
simple in structure, but are often distinguishable as (I ) a 
Ifirge female cell or ovum, consisting of a nucleus and large 
cytoplasm, and (S) a small mptiie cell or spenuutoxoidi 
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contikting of a large nucleus am) thin eytoplaem with cilia 
(see p. 167). The prooese of sexual union is called 
Both the eexual oalls are naked ; they have no eeli^wall. 
In the higher plants (Phanerogams) the male cells are not, 
motile because they are not ciliated. The process of sexual 
reproduction differs in the different classes of plants and 
wil) be described under them. The following account refers 
only to higher plants* Dicots and Monooots generally. 

Fertilisation in Angiosperms (Dicots and Monocots) 
takes place after pollination. The pollen-grain germinates 
on a suitable stigma ; the extine is either burst or perforated 
and the intine bulges out in the form of a short tube (fig. 215) 
which grows into the tissue of the stigma feeding on the 
juices it contains. The tube grows down through the tissue 
or canal of the style Into the cavity of the ovary. When 
it reaches this it is attracted to the micropyle of an ovule. 
It then passes through passage (micropylar) and pierces 
the tissue of the ovule until it reaches the embryo-sac (p. 119, 
fig. 214). 

The embryo-sac is a single cell of the ovule. By the time 
the pollen-tube reaches the ovule, the embryo-sac is fully 
developed. At first it swells and its nucleus divides 
successively into eight daughter nuclei. Three of these move 
towards the upper or micropylar end of the ombryo-sac and 
three towards the lower end, while , the remaining two, 
called polar nuclei, moye towards one another in the middle 
of the embryo-sac and fuse to form the secondary nucleus of 
the embryo-sac. The three nuclei at the micropylar end 
collect protoplasm about them and so form three naked 
cells. They constitute the csf(7-<2ppafoNis ; two of them are 
similar and are termed the synergidoc, while the third which 
lies between them is the egg-cell or ovum. This is the female 
sexusJl c^ll (Ooplam) or gamete which is destined to be 
the male sexual cell of the pollen-tube. The 
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tjim mialei at the lovrer end of , the amhiftreao themeel^ee 
are called the (mtipod^l cells. The egg-appai^tos ie ooneerned 
[ti fertilisation. The antipodal oells have no further use« 

In the pollen’tttbe thet'C is a large nucleus or uahed cell 
distinct from the nucleus of the poUen^tube itself. This is 
embedded in the frothy protopla^ of the pollen-tube and 
sooner or later divides Into two generaiitM nuclei or fsude 
sexual cells (spermatoptasm) which are carried into the 
embiyo-sac by the pollen-tube. At the moment the ijollen- 
tube approaches the embryo-sac, the synergidae oellB either 
dissolve or secrete a substance which guides the generative 
nuclei to their destination. Then the pollen-tube reaches 
the embryo-sac, its tip bursts and the contents escape into 
the embryo-sac. One of the two generative nuclei fuses 
with the nucleus of the ovum, while the other fuses with the 
large secondary nucleus of the embryo-sac. From the fertilised 
ovum, which soon after surrounds itself by a cell-wall and 
then repeatedly divides, arises the multicellular embryo, 
and the nucleus formed by the union of the secondary nucleus 
and one of the generative nuclei of the pollen-tube consti- 
tutes the endosperm nucleus which later on produces the 
endosperm. The embryo-sw) is then rapidly enlarged. The 
endosperm nucleus then rapidly divides into a largo number 
of nuclei lying in the protoplasm lining the wall of the 
embryo-sac. Coll- walls are then formed around these nuclei 
and thus a multicellular tissue called endosperm arises. 
This peculiar form of cell-formation must be conti'astod with 
that given on p. 204, and is known as free nucUar 
divinon. The cells of the endosperm become gradually filled 
with reserve food matter which nourishes the embryo 
(p. 154). Within the embryo-sac, then, we get two tissues 
developed: (l) the embryo, and (2) the endosperm. The 
endosperm cells become gradually filled wftfa food-matter 
and it often grow at the expense of the tissues of the 
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The eelis af tb« &0 

too» beeemitf with {oo<3*iiiasltef tmi oo^itote the 

periapdrtii (eee j|;>. 158), . 

Th6 lertiliflod ovum firat aoefotba a oeB-wali and than 
Fig, 336. Fig, 330. ba^iti to dflrido. 

At first a row of 
colls, called the 
pniiremhpn, is pto* 
\ fj^ duoed {fig. 88'6|.3) ; 

H ff the end^oell oi this 

H ' swells up and then 

^ divides, not in a 

row. but on all 
sides. BO that a 
globular mass of 
cells is iormed 
(fig, 385.8). Erom 
this by repeated 
cell^divisioQ the embryo is formed ; the rest of the pro-embryo 
forms the which sinks in the endosperm tissue and 

sucks up ^Nourishment from it. In Dicots two cotyledons 
are formed at the end of the growing embryo (fig. 336), and 
the glowing point of the shoot originates at ^e base of the 
depression between them. In Monooots there is a single 
large ootyiedon^ while the growing point is situated laterally 
at the base of the cotyledon. 



(3) (2) (X) 

Fig. 368, 1, 2, 3, shows the grnclual 
development of the suspetisor and embryo 
from the feitilicied ovum. Fig. 336, the 
embryo developing two cotyledons. 


{for FitrHH^ation in Bfmnosperma, and Crppfoffams 
St€ VhapteTB XXXI to XXXill)^ 



CHAPTER XXVll. 

MOVEMENTS OF PLANTS. 

Kinds of movements — It has been already said 
that the protoplasm is highly irritable and so also are all 
young growing parts. This irritability is manifested in 
plant-organs in the form of movements. These are mostly 
changes in position ; an actual bodily transport or looomo- 
tiooi as in ariimalsi is obviously impossible in plants. Tbe 
various movements in plants are typically of two kinds ; (1) 
spontaneous or autonomous movements which take place 
automatically and are due to internal causes not clearly 
understood* and (2) paratonic or induced movements 
brought about by the application of external stimuli* such 
as heat and light* moisture* contact with solid bodies and 
so on. A certain class of movements* known as variation 
movements* takes place in mature organs where an alterna- 
tion in the turgidity of the cell acts as the immediate cause. 
The spontaneous and paratonic movements are generally 
connected with growth and hence they take place mainly 
in the young growing parts of plants. 

Spontaneous movementa. — These movements are very 
clearly observed in all young growing seedlings* in growing 
tendrils* in young leaves* and during the development 
end opening of flowers. The elongation of the axis of a 
seedling never takes place in a straight line. At first one 
side and then another of the growing point of a shoot or 
root grows more rapidly than the rest and thus curvatures 
take place sucoessively on all sides. Consequently the grow- 
ing tip is pushed not in a straight line but advances in such a 
way as to describe regular or interrupted circles or spirals in 
21 
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fipaoe ; it lieej for instance, at one iitne towards the nortbi 
at another totrai^ds the east, then sncoessirely to the 
south and west tilt it reaches it« toriMr direction L e., the 
north* and again reporifs the ^ cycle of movements. The 
advancing apex thus dcscrihes » helix ght a spiral line in 
space. This movement is called circumnutatian and is 
one of a class of more extensive movements^ called nutation 
movements, in which the growing organ curves first over 
one side and then over another. A simple case el nutation 
is the bending of the flowcrstalhs of the Onion. The 
young flower-stallc at first remaiits bent on one side but 
straightens itself gradually till it becomes quite erects and 
then a^ain l>end8 over to the opposite side. Such nutation 
curvatures take place because first one side and then just 
the opposite side ut the stalk grows more vigorously tha# 
the other. Circuauiutation, or revolving^ nutation as it 
is also called, is also very marked in tendrils. In certaiTi 
plants of the Cucumber family the rotatory movement of 
the young tendrils i« so very rapid that it may be followed 
even with the eye if closely watched for some five or 
ten minutes. 

Nulatiou movements in leaves and flowers takes place 
in a speoieJ way. During the early stages of growth the 
leaf rdinains folded or^ roKed because tho lower surface 
grows more vigorously than the upper -this eoaditioO is 
known as After some period the' upper surface 

grows more vapidly and consequently the young leaf is now 
fully opened and spread^ Aid this movement is kOov^rr 
as 

The above iastaoces of aotonomouB^ growtii fsovemeuts, move- 
menU^ that is to say, vvbiob take place apoataueouely iu growing, parts 
of plants by vutue of certaia inherent property of the grevriag organs. 
SpOntatieobs movements also take plaoe in many mature parts of plants 
wbsfS ^ imtnedltub canse is nc^ to be sOnght in nneqnal growth^ as 
in thsMf esse^ bnt in sthnc othbr mechanism; For instance, in the 
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0rm)* # ^- 

jp^nd l^^comifits of (me largje pcntijl ^^eaflet find two 
l^ral On a warn day thew j^tiTal leaflets jfxeoiite 

peculiar motementa, apparent even toT* the nahed eye, in the form of up 
and down strokes in qatek^suoeession* Examined ^dsely they are seen 
to . make stnali irreg^ular oirelea in rpaoe with their tips a^ so the 
moyfpe^lsinthe form of Suo^ rhythmic movements am 

oalied ant^qj^B yatfai^Qin movemm^a 

Psdratonj^ iiiow.menta.~Paratonic or iiidocad mow 
mcnts take place in all growing or^os whiqh being l^ly 
sensitive are always stimulated to grow in oei^in dfrectbns 
determined by eternal factors, such as light, heat, mois'* 
ture, gravity, chemical substances, contact with a ^olid body 
and the like. Consequently, the movements which take 
place under the influence of stfbh external factors f^re in the 
main dirgctive movements (tropisms) or tropic movements* 
According to the nature of the stimulus the movements 
are called heliotropic (light), thermotropic (heat), kjfdntropic 
(moisture), geotropic (gravity), chemotropic (chemicals)i and 
kapfotropic (contact). Tropic movements may be (l) poftrtve 
or towards the source, (2) negative or away from the source, 
and (3) tromverse or perpendicular to the source of the 
stimulus. The way in which the stimuli (external factors) 
act in produmng movements is this. In a positive tropic 
movement the side nearest the exciting cause grows less 
vigorously than the opposite side and so this side pushes 
the growing point towards the source. Thus in positive 
faeliotropism (p. 313) the itiuminated side grows less than 
the other side. In the positive geotropism of the root 
(p. 315) the side nearest the earth grows less than the 
upper side. In a negative tropic movement exeetjy the 
reverse happens : the side nearest the source is siiinulated 
to grow more vigorously than the other. Thus, in the nega^ 
tive heliotaopism of main Toots the illuminated side elong- 
ates comparatively more rapidly than the other; in the 
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negative geotropism of the shoot the lower side elongates 
more than the upper. Henoe the ourvatures. The influ^ 
ence of these external factors being direotive is exerted only 
when there is unilateral or one-sided action. Light falling on 
one side, gravity acting from one side, moisture affecting one 
side, of a plant can only stimulate the growing organ so as 
to prcKluce the curvatures. If a plant be kept rotating before 
a source of light, before a window, say, there is no heliotropic 
curvature. So if a plant be held horieontally and kept 
rotating, so that its axis remains parallel to the earth, there 
is neither the negative geotropic movement of the shoot, 
nor the positive of the root ; the whole plant grows straight 
horizontally. This is because all sides of the rotating organ 
are stimulated equally ; they grow equally on all sides and so 
no curvature is possible. It is in this respect that these para- 
tonic movements differ from the autonomous movements. 
A young seedling, for instance, if rotated as above will not 
fail to show its circuinnutation. So, too, in the case of 
young tendrils. 

Chemotropism, or movement induced by some chemical 
substance, is a very extensive phenomenon occuring 
chiefly during sexual reproduction. The pollen-tubes of 
Phanerogams are always led by sugary secretions in the 
tissues of the style and stigma. They are attracted by the 
particular chemical substance, sugar, and may be made to 
grow towards a solution of sugar when cultured artificially. 
I'he fine threads of Fungi are also led by the decaying 
substances of the substratum to spread towards the de- 
composing organic body. The movement of the tentacles of 
the fly-catcher, Drosera (fig. 330, p. 303) is another instance 
of chemotropism. The presence of a nitrogenous food matter 
aiiywhere in the lamina induces at first a copious outflow 
of secretion from the tentacles and then their bending 
inwards. 
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CJoflely related to these tropic moremcnts of curvature are the 
tarftc mov^ements of naked free-moving protoplasts which are 
directed to move towards certain objects by the influence of 
tropic factors. Thus, the spermatosoids, the male sexual celjs ^ 
lower plants, swim through water and move towards the female 
sexual cell, being attracted by certain matters which it secretes. The 
chemical substance of the secretion diffuses through water and directs 
the movement. This phenomenon is called dvemotaxis and the 
Dcovemeni chemotactic movamont. 

Chlornplasts change their position in a cell according to the intensity 
and direction of light ; This is called phototactic movemanU 
When light is intense, the chloroplasts of the palisade cells of a 
leaf avoid the upper or outer walls and range themselves in parallel 
rows on the lateral walls of the cells, thus placing themselves not at 
right angles to but almost parallel with the rays of light. In weak 
or diffused light however they move towards the upper wall and form 
a green plate which can readily absorb the small amount of light 
now available. 

Twining plants.— The young shoots of twiners show 
a peculiar movement by means of which they twine round 
upright supports. The first few internodes of a twiner grow 
rapidly and become very long with the leaves remaitiing 
undeveloped for a long time. The free end of the shoot 
bends to one side and becomes more or less horizontal. 
At the same time it begins to revolve in a circle, either 
from right to left, or in the opposite direction (see dextrorse 
and sinistrorse twiners, p. 38). This revolving movement 
is at first autonomous in character, for the growing tip 
nutates. Lower down, however, it is a case of lateral 
geotropism where one of the two sides, either the right or 
} the left, not the upper or the lower, of the bent shoot 
grows faster than the other side under the stimulus of 
gravity. The horizontal portion of the shoot consequently 
bends constantly in one direction, either to the right 
or to the left, and sweeps through the air in widening 
circles, and as soon as an upright support is reached the 
twilling begins. At first loose horizontal coils are 
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thrown about tiie support, but gradually the oMIar or 
lower coils are straightened out moi^e and more, so tha|t' 
the i^tls are t^w a steep spiral* This ^raigj^^oiog is^ 
di;^ to ,f; 0 >t/opism, as is the ease with all stem ; 

tibe upper oc^s grow away Irotn the earth, and 
this tends to tighten the spiral and press them upon 
the support The (toining thus comes about by (l) the \ 
revolviiig movement of the bent apex due to lateral geotro- 
pism, and (2) the negative geotropism of the older parts of 
the coiled stem. Alter the twining is aooomplished and 
the firm grip has been obtained the leaves begin to grow and 
unfold their large lamina. The delay in the development 
of the leaves allows a more free movement of the circling 
tip, for the leaves might otherwise prove an obstacle in get- 
ting a support. 

The movemexit of teudrile in tendril-climbers is a case 
of paratoiiic movement induced by contact stimulus. This is \ 
called haptotropim. Young tendrils which have not yet come 
in contact with a rigid body move autonomously sweeping 
through the air, thus executing a movement of ciroumnuta- 
tion (p. 321)* If they do not find any solid object round 
which they can twine they stop their circling movement in a 
short time, hang loose, often form a thin spiral coil, and 
then wither. But if a suitable support comes in contact 
with the revolving tendril, the contact quickly induces an 
increase in growth of the opposite side of the organ, and this 
causes the free end to turn round the support. New portions 
of the tendril are thus brought in contact with the support. / 
and the continuous rubbing with a rough object stimulateff 
the tendril to turn more quickly and firmly round the support, 
a new thrill of stimulus being sent through the tendiil at 
each coU. When the support has thus been firmly giwsped, 
another movement takes place In that part o| the tendril 
.whicA lies between the plant and the support (see fig. 52), hy 
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vii;iMa0 #biob the olhnber drags HsrfI , snore toeratrds Hs 
shelter. ‘Pdt part of the tendril ia twirted lihe a- ooih-soreir, 
and ra it lieo between two fixed points there are two opposite * 
windings. onO' to the right and the other to the left, w^oh 
balaijoe eaoh other, and between the two lies a nerrtirai an* 
twisted portion railed ■ the poini of reesrsai, so called beoiiiBe 
at this point the spiral begins to be reversed to go 
opposite to the direction of the other half. 

l^ooug teiMlrils grow very rapidly while they are oireamiftlitatiAtg ; 
at this htage they are very thin, soft, and highly ftexible being nutcie 
up mostly of coDenohyma, An old tendril which has aiready grasped 
a support becomes gradually thickened and hardened, for Itgnlfleation^ 
goes on very fast, &nti an ample sclorenchyma makes it strotkg 
a cable. 

Sleep Movements, — Manj foliage leaves and floral 
leaves (petals and sepals) assume different positions by day 
and >>y night. This is very noticeable in the foliage of the 
. Pea family (Pea, Bean, Pulses, Tamarind, Acacia, etc) the 
compound pinnate leaves of which remain spread out during 
day time but fold up in pairs at dusk and remain folded for 
the night. A similar folding movement of the leaves may 
be seen in the Amrubsbak (Oxalis). This night or sleep* 
position, as it is called, is due to a change of turgor in the 
cells at the base of ^ the leaflets where there is an erectile 
tissue known as the pahinus. This sleep movement 
(nycHnastic movement), as it is called, ia brought about by 
variations in the intensity of light or of the temperature of 
the air. It is not a growth movement for it takes place in 
k the fully grown up leaves but belongs to the class of move* 

( ment called vwation vmtmenU* 

Similar closing movements are seen in some flowers, 
such as the Water*lily and Morrung*glory, and also in 
certain oapitulas, as in Helichrysim, which open in day* 
light and close up at night. That they are due to varia* 
tions of light and temperature is seen from the elostng 
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of th« flowera even during tho day when the air is suddenly 
chilled by ^ cool breese, a shower, or a dark cloud. When 
the cloud or chill blows over and the sun again shines, the 
temperature of the air is raised and the flowers open 
once more. 

in the sensitive plant (Mimosa pudica — Lapabaty lata 
flg. 147) the leaflets exhibit a remarkably rapid irritable 
movement. They are extremely sensitive to contact. On a 
sudden, though gentlest, stroke of a stick, or upon any sudden 
vibration of the leaf, the leaflets fold up pair after pair in 
rapid succession, and when all the leaflets are folded up and 
the leaf is apparently at rest, all at once the secondary petioles 
(see fig. 147) are drawn nearer and the main petiole sinks 
down. The same movements are performed when the leaf is 
disturbed in any other way. For instance a pair of leaflets 
may be suddenly out off with a scissor, or a cone of light may 
be focussed at the base of a leaflet, or a burning stick held 
near it, and so on. These movements of irritation is said 
to be due to variation of turgor in the colls of the palvini 
which are present at the base of each leaflet, of the second* 
ary petioles and of the main petiole. 
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SYSTEMATIC BOTANY 







CHAPTER XXVBl. 

CLASSIFICATION. 

Tbe moBt obvious classifioatfon of plantSf as we bave aeon 
in the introduction, is to divide it first into the two great 
sub-kingdoras the Flowbring plants or the PKanen>^ 
gamia« and the Flowbrlbss plants or the Cryptogamia. 
The main distinction lies in the mode of repiudnotioiu 
Flowering plants reproduce by seeds, for the main ohj^ct of 
the flower is to produce seeds ; while the flbwerless plants 
multiply by spores. Spores are uniobllular bodies forihed 
asexually without the intervVitioti of sexual cells, whereas 
seeds are multigellulab bodies containing a multieellular 
embryo formed sexually as a result of the union of sexual 
cells. Hence flowering plants or Phanerogams are also 
called s^ed plants or Spermaphyta, (fr. Sperm seed) 
and flowerless plants or Cryptogcims are spore plants or 
Sporophyia. 

The Cryptogamia consist of three broad divisions, and 
seven classes. The first division, Pteridoph 3 ^a or Fenr 
like plants, the highest group of Cryptogams, comprises 
plants with roots, stems and leaves like the Phanerogams, 
all provided with vascular bundles. They produce spores 
from their leaves which are called sporophylls. The three 
classes which constitute the Pteridophytes are: (l) the 
Ferns with large leaves, (2) the Lyoopods with small scale*- 
like leaves, and (3) . the Equisetums with minute teethdike 
leaves and whorled branches. The other two divisions of 
Cryptogmns do not possess true roots, stems and l^ves, 
nor have they any vascular tissue ; their spores are not 
produced from leaves, so that sporophylls are not present, 
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i>vi the spores arise io ceilaiii chambers. The Brypphyta 
are Cryptogams i/vith the spore-sao stalked and opening 
by a lid. They are moie complex in structure than 
the other group called the Thal|pphyta» the lowest 
and simplest of the Cryptogams. The Bryophyta comprise 
two classes : ( 1 ) MOSSES with an axis like a stem and 
simple leaMike plate of cells, and (2) the liver-worts 
which have typically a thallus. 

The structure of Bryophytos and Thallophytes is 
very simple ; they are made up of simple cells, ai.d are 
hence called cellular plants, ns opposed to the 
Pteridophytes and the Phanerogams which are VASCULAR 
PLANTS ; so called because they contain also vascular 
tissues. The body of the plant in the first group is a 
simple thallus consisting of a plate or chain of simple 
cells. Only in the higher Bryophytes, e,g. the Mosses, 
are leaves and stems formed, but these, too, are made 
up of simple cells, the various tissues such as scloreu- 
chyma, iraoheides, sieve-tube, etc, which characterise the 
leaves and stems of vascular plants, are totally wanting. 
In some of the lower thallophytes the plant consists of 
a single microscopic cell or a group of cells. 

The difference between the Algae and the Fungi, the 
two classes which make up the thallophyta, lies in their 
mode of living and nutrition. Algae have chloroplasts in 
their cells and so can prepare their own food like ordinary 
plants. They are usually green though some of the sea-algae 
are coloured by the presenoe of some pigments which mask 
the green colour of chlorophyll. Fungi do not possess 
chloroplasts ; hence they cannot prepare their own food 
like green plants from the inorganic constituents of the 
earth. They are white or sometimes coloured by the pre* 
senoe of a coloured cell-sap. Algae are autophytes (j^. 300). 
Fun^i are saprophytes or parasites (p. 304) ; they are 
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regarded as degenerate fonns of Algae which have been 
compelled to adopt a parasitic or saprophytic mode of life. 
Almost all Algae are aquatics ; many Fungi are also aquatics, 
growing on decomposing leaves, etc, but the m^iority of 
Fungi are non-aquatics, growing everywhere on rotten or 
fresh plant or animal body. They are all multiplied very 
extensively by spores formed in simple chambers called 
sporangia which are far simpler in stiiicture than the spore- 
sac or capsule of Bryophytes. The spores are scattered 
broad-cast by the wind. Some of the aquatic thallophytes 
produce spores which are not scattered by the wind but 
swim freely in the water and thus themselves wander 
away. These spores are called swarmpores. They are naked 
protoplasts, * without a cell-wall, and are provided with a 
tail or cilia (p. 167) by means of which they move about in 
water like tadpoles. 

The Phauerogamia consist of two divisions : the Angio- 
spermia or plants with a seed-case (ovary) and the Gymno- 
spermia or plants with naked seeds without a seed-case. 
The carpel in the first forms a closed sac or ovary, in the 
latter it does not form a chamber, but is a flat scale-Iiko 
loaf from which the ovules arise. Both are seed-plants, 
but flowers, as "ordinarily understood, are not formed in 
Gymiiosperms ; they have no sepals and petals, and no 
fruit or pericarp. As there is no ovary, style, and stigma, 
the pollen-grains germinate directly on the ovule at the 
micropyle, and not on the stigma as in Angiosperms. The 
Pines are Gymnospeims. The Angiosperms comprise the 
two great classes, ^ the Monocots and Dicots. The difference 
between these two, in every particular point, has been 
described in the first and second parts of this book and 
may now be summarised as follows : — 
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Btc©«» 

Booirft afe lanoh-bmuoh* 
ed tap ioQt6 bat maj a^so be 
adventitioae. 

{^BMS are asually mnoh-brancfa- 
ed, prodaoe axillary aa well as 
terminal bode copi<mBly. 

liBATBa are noal), with retica- 
late Tenaticm, 

FliOWBaa are ae a rale pentamer- 
oub or ieirameroDe, rarely 
trimeroafl or ditneroas, 

PBRTAKTa when present is ubu- 
ally betero-ohlamydeous, hav- 
ing distinot calyx and corolla. 

Ehbxto has two cotyledons, lies 
inside an albominons or exal- 
butninotis seed. 


M017OCOT. 

rM' 

Roots ate nottnally adv^itfonv^ 
the pribary root not persist* 
ing* 

Stbm Is not mnoh-htancbed, 
grows mainly by the <termiita) 
bud, 

Lbavss are large with a sheath* 
ing base and parallel venation. 

Flowkis ate as a rnfe trimerotts« 
though often much reduced, 

Pbsiahth when presmitand pro* 
minent is homochlamydeoua 

Embryo has one cotyledon and 
often lies in a oopions albu- 
men. 


The Dicota and Monooots are very large classes and so 
they have been divided into smaller snb’olasses as shown 
iii the table below : — 


Classification of Angiospennia. 

CLASS I. Dicotyledons, ^plants with two cotyledons.— 

Calyx and Corolla both present— 

SuB-CrABS 1. petals free, stamens definite or in- 

dednite ... ... Polypetalae. 

Sm 0 S J. FIs. hypogynous, sepals free ... Thalamiflorae. 
S^rks 2. FIs. peri-or cpigynoos, sepals 

united ... ... Ca1yctflorae« 

Sub-Clabs 2. Petals united, stamens defintte ... CotoiliftofaSi 
Calyx present, coroUa absent— 

SuB-OXiASB 3. Corolla always, calyx often, * absent, tis. redacs4» 
often l«sexaal... ... ...... Apetatse or Incompleisua 

CLASS II. Monocotyledons— plants with one cotyledon— 

Sttb-Clasb L FIs. oonspiouous with coloured 

perianth ... ... Pelstoideae. 

; StTB-CnAfiB 2. FIs. mjnttte, naked, on a spadix ... Spadfciflorca. 

3. Fie glumaoeous, icaly, in spikes Clwmidoraa. 
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Tlie {oUowIng lohema givaa a tabakt ailMs^icatjon of 
> The Vegetahte Kn^dom. 


ijf. IMipf^ioa. Angio^pennia 

OtftM (. l%*COtyltdoflf* 

Sttb^Class 1. Polypetalfle. 

„ 2. Gamopetalas. 

" 2. loeomplatiR* 
OiasB 2, fjlonocotyMoiit. 
^ub-Olats 1. Olnmlflorcas. 

,, 2. Bpadiciflotem. 

„ 3. Petaloidere. 

Sn4^ G5mino8pennia 

Class H. Qymnosperma 

Srd. Division, Pteridophyta 
Class 4 - Ferns. 

Class 5. Lycopo«is * 

Class 6, Equisetiims« 

4ih. Division. Bfyaph 3 rta 
Class 7. Mosses. 

Class 8. , Llverwoits. 

6th. IHvisioiu ThaUoph 3 rta 
Class 9. Algae. 

Class 10 Fangi. 


1 


L 8ltib*bing<iom 
l^lianafngniiila 
. or Floweriog vplaina 
also cailted 

$l»efaiapMa 
or seed -plants. 


'll. Bub kingdom 
Cryptogsmia 
or Flowerless plants^ 
also called 
Sporopfiyta 
I or Spore-plants. 


J 




Tbe Pbanerogamiai especially the Dioots and Monocc^i 
comprise a wide range of plants which are grouped into 
families called Natural orders and into smaller groups called 
Gc^nera. Individual plants which are quite alike in all 
important particulars form a Species. Thus the hundreds 
^ seeds whfoh a Pea plant produces all give rise to the Pea. 
^or all practical purposes the plants are identical and reSem** 
Ue their parent, though slight differences, such as size of 
the plant, number ot pods, etc^> may be traced. But in the 
general cbaraoters of every orp^n, sterna Isaf, flower, fruit, 
seedf ete^i they perfeotiy agree, \o., they are of the same 
species may be defined to he a group of indm- 
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duals which possess in common all the important characters of 
their vegetative aud reproductive orgaiiSi so that they may be 
regarded as being descended from a common ancestor* 
There may be slight differences in the members of a 
species* just as there are differences between one man and 
another of the human species* but in all essential respects 
they are quite alike. A genua (phiral Genera) is an 
assemblage of allied species. Those species which resemble 
stf ikingly, especially in their floral structure, must be 
very nearly allied and hence they are placed under 
a group called genus. Thus the Gourd is a species; its 
seeds all produce the same plant, the Gourd plant, 'ftie 
Pumpkin is another species ; its seeds, too, produce nothing 
but the Pumpkin* But both have the same kind of floral 
structure. Hence they constitute a genus ; they are two 
distinct species of the same genus. Genera are groups of 
$pecMs which have the same floral structure. In naming a plant 
the name of the genus is placed first and then that of the 
species. Thus the Gourd is called Cucurhita mapima and the 
Pumpliin Cucurhita pepo. Similarly the melon and the 
Cucumber are distinct species of the same genus Oucumis ; 
the Melon is called Vucumis Melo, and the Cucumber is 
Cucumis sativus. The Gourd and the Pumpkin both have 
large gamopetalous belPshaped flowers ; they belong to the 
same genus Cucurhita, The Melon and the Cucumber, 
however, have a different form of flower ; it is rather small 
and only slightly gamopetalous, rotate, and has 5 largo 
petaMobes. Hence these plants constitute a different genus 
Cucumis, But obviously all the four plants are related. 
They are all tendriPolimbors, have unisexual flowers, 8 
stamens with long folded anthers, inferior ovary with 3 
parietal placentas, and succulent fruits. Each of these 
characters may not be of any value separately but together 
t>hey?i|lvfi a clear indication of a family resemblance between 



" OLiS^rKJATIOSr " 

ihb itotik Hdiittd tk»s 9bv4 taid to lom H tsikily or Nalilr: 
smi • ordof oaliad tha .Ouaambar family or ^he OucurbtM^^ 

A Nfttafd order ii aimply m afiOmldafipe ^ oiKed generic 
jufll; as m geoue is an assembla^ Of diffem^t apeoiOs. The 
suV^wes mentioned abore are composed of namereus 
Natoird orders. 

Bditketlmm a tingle sttilciiig tiiaracter detemiinm a lateral erder^ ^ 
TbnSf tiis Hatsml mder liegnmlDOfiefia inolodes a very taige numh&p cl 
plaotg which are distlagtished by their f raft which ia either a legame or 
a lamest. l!he drder isclodes the Pea, Beas, all the, Falsea, sylU eves 
each lame treea aa the Tamarind, Siam, Sirish and Aaoka, 

Sometimes some sew, more or less constant, characters are fosad* 
amongst several individuals of a species giving rise to vaiietlas of that 
species. Thus, the Eioe plSnt fmrms a species,^ hat there are various 
varieties, such as Aman, . Aushi etc. Similarly, the Cabbage and the 
Caaliflower are cultivated varieties ol the same species Brasska 
dtracMU Vaiietieg spring especially from artificial selective cultivation 
followed cztensiTcJy by gardeners for producing new and better hinds 
of flowers and fruits* Thns there are several varieties of the Banana, 
Potato, Citron, 

In the following taUe some pf the more importmit Natai*al 
orders are gi^en with their distinguishing oharacters.-r- 

l.' Thalamiflorae--- thalamus conical or short, iloweis hypogynoos, 
petals free, sepals generally free, inrely am ted, stamens indefinite. 

Owy e9>ooarpou^ carpels free. 

Flowers acyclic, petals many, ' aqoatic herbs with fl.oating leaves, 
Lotus family ... ... ... Nymphaeacana. 

Flowers trimeroas, sepals 3, petals 3 or 6, valvate, trees or 
shrubs — Onstard Apple family ... Anonaeaaa. 

Flowers trimerous, sepals 3, petaloid, petals In S or more whorls 
cl 8 each, imbricate, trees or shrubs, sometimes climbing*-* 
Magnolia htmily •«« *f« h^tii ga alfcaoaaait 

Ouery / sr mare odtetL . . 

Ovary I«0elled, plaoeutas parietal, fnult CapSnle, 

Flower orucilorm, sepals S, petals I, stamen^ 6, tetradynamous, 
Iruit a siiiqiia or silicn^ carpels S^Mastaid 
iMlly , * * •** ' * w CnidfatM. 

88 ’ 
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Flower roeaceous^ sepals S, petals 4, stamens manji oarpels 
many, placentas protruding into the 1-^lled ovary« 

Poppy family ... ... ... Papavaraceae. 

OUary ^nc&rpous^ 4 or c^ 0 d,l phdtnia axile. 

Flower not symmetrical, calyx imbricate, seed arillate, atamens 5-10, 
free,^Litohi family ... SapiadacasKS. 

Flower symmetrical, calyx valvate, 

Stamens many, monadelphoas, Anther l*eelled, fls. 2-Bcxnab 
Cotton family ... ... ... Malvacaaa. 

Stamens 4 or 5, free, opposite petals, petals small, Joiube 
family ... ... ... Rhamnacaacw 

2. Calycifloraa— Sepals united, petals free, flowers peri- or epigynoos, 
thalamus flat like a disc or hollow like a cup. 

Ovary $up&ioi% flower perigynouSt regular or irregular. 

Ovary apocarpous, of one or more free carpels, — 

Carpel only I, fruit a legume or a Joment, calyx with odd 
sefuil nearest axis, leaves f>tipulate — Pea and Acacia 
family ... ... ... Loguminoaeae. 

Carpel more than one, generally free, fruit never a legume, 
calyx with ckM sepal remote from axis— 

Hose family ... ... ... Rosaceae. 

Ovary syncarpous, 4-8 celled, ftowers regular, petals clawed and 
corrugated, stamens deflnite. Henna family... Lythraceae. 

Ovary mferiar, flower epigynous, regular. 

Stamens indefinite, free, flowers 3-scxual, leaves opposite, aromatic 
and gland-dotted. Guava family ... Myrtaceaa. 

Stamens usually 3 with sinuous anthers, flowers i-sexual, leaves 
alternate, lobed, plants climbing by tendrils. Cucumber 
family ... ... Cticurbitacaaa. 

3. Corollifloraae or Oamopetalae— corolla gamopetalons, usually 
with 5 corolla- lobes^ stamens equal to or less than oorolla-tobel, ovary 
as a rule sy near pons, superior or inferior. 

Ovary inferior^ ' flowers epigy/ms. 

Ovary l-ceLle4l with i ovule, fruit a oypsela, anthers 6 syngenesioas, 
fls. in eapitula -^Sun-flower family ... Compositao. 

Ovary 2-oelled, with 2 or more ovnles, stamens 4 or 5, anthers free, 
fls. not in capita la, leaves with fnter-petiolar atipnles. Bangun 

Rttiriacoae. 
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Oimty siqfiiWy fiowmrs iiypogyrms. 

Flft. regular, ^roDa-lobefl, 6, stamen# 5, epipetaloas 

Ovary 2-ceUed, ovules numerons on prominent peltate placenta, 
seeds albnmmons, embryo small. Potato 
£i|mlty Soianaceae. 

ll^ls. regular, sepals and Petals 6, connate, stamens 5 with pollina 
Ovary 2-oelled, seeds witl> hairs, albnminons, 

Akanda family a** #*• ' a«a Ascieptaiiaceae 

Ovary 2 or 4-oelled, ovules few or only 1 in each cell, seed exal- 
buminons, embryo large. Twining plants— Morning glory 
family ... ... ... Convolvulacean 

Fis, irregular, bilabiate, stamens 2 or 4, didynamous— 

Ovary deeply 4-lobed, 4-oelled, 4-Bcedcd, separating when ripe, 
style gynobasic. Tools! family ... Labiatse. 

Ovary 2-oelled unlobed, style tenninal, fruit 

capsular, many seeded, BaUaeh family ... Ac^nthaceae. 
Ovary 2-4 celled, style terminal, Teak 

family ... ••• Verbanaceaer 

4. Incomplatae— FIs. with only sepals, without petals, sometimes 

entirely naked ; often unisesual or bisexual ; stamens and carpels few. 
FIs. 2-6exual , perianth present, plants herbs. 

Perianth conspicuous, gamophyllous, like a coiolla, ovary 
superior, i-celled i-seeded. Krishuakali 
family ... ... Nyctaginacaae. 

Perianth dry, minute, scaly, united at base only. Amaran- 
tus family «*a Amaraitacaae. 

FIs. i-sexual, perianth minute or absent, fls, in dense inflorescence, 
ovary 1 to 2 celled, herbs, shrubs, or trees. Banyan 
family ... ... ... ••• Urticaceae. 

Fls. 1 -sexual as above, ovaiy S.celled, stigma S, ovule 1-2 in 
each cell. Plants with milky or watery 
juioG— ”■ ••• ••• •• 


Euphorbiaceae 



CHAPTER XIX 

DICOTYLBDONS. 

CRUCIFERAE (MusUitd FamilyX 

Distiaguii^iiig chavactert:— 

HgRB8 with pungent juice, and alternate, exBtifmlate, 
simple leaves. 

Flowers regnlar, cruciform, hypogynous, bermaphrodite, 
tetraineroas, sepals 4, petals 4 clawed. 

Stamens 6, tetiadynamous, 4 long and 2 short. 

Ovary synoarppus, of 2 carpels, superior. Ovules numer- 
ous 011 two parietal placentas. 

Fruit a siliqua or silicula. 

Type I — MDSTABD (Bai — Brassica juncea). 

The plant is an annual herb with a soft jui^-'y stem, 
slightly woody at the base The lower leaves are potiolate 
and lyrat^, the upper ones sessile and almost entity, with 
a slightly toothed margin, ^he root is a short tap-root 
with a few branches. 

The flowers are in racemes, not much elongated but 
slightly corymbose. They have no bracts, are stalked, and 
of a blight yellow colour. Calyx of four free sepals, 
apcending and thus appearing to fom a short tube. 
Corolla erhoiform (p. 107), of four free petals, each with a 
short stalk and a spreading limb, the limbs of the four petals 
spread out in the foim of a cross. STAMENS six, in two whorls; 
the Cuter whorl consists of two short stamens the anthers 
ef which stand just below the stigma; the inner whorl 
ogpi^sists of four long stamens with their anthers standing 
the stigma at a level with the spreading patal^lobea 
173). Between the two short stamens at their base 



tmo sli»iiU lto»e3rfidorel^ glMdft- Ttoe ooiistitute tig 
r Kiitrrgitv. Tfa6 QYK<XiOiuii }« tM^potiad of 4)wo Wrptls/ 
uiiit^ to form aingla syoi^rpoiiB ovary* a. single style and 
a capitate stigma. The ovary is sopeiiorv ires, twcHselled 
with th|^placeiita developed on 
both sides oi the margin of the 
partition wall. The placenta* 

*ticm is vealiy paiietal, the 
OVULBS arising from the fused 
margin of the carpeMeaves, and C 
the wall is only a false septum 
which makes the ovary falsely p 
two-celled. The FRUIT is a long 
erect sUiqtia (p. 142, fig. 242), 
bursting into two valves, the * 
see^ being attached to the false 
partition wall which forms a 
persistent RffPLUM. There is 
no special contrivance for. the 
dispersion of the seed, the plant 
being in cultivation from very 
ancient times. The seed is 
rich in a fatty oil which can be 
expressed out and is known as 

mustard oil. ^ Tbe Mustard plant ; 

F, fruit ; C, intloreecence; 

Pollination is effected by the 

aid of insects. The showy clustered flowers attract them 
and the glands at the base of the stamens secrete a sweet 
juice. The flowers are protogynous, the stigma maturing 
before the anthers ; the shorter stamens ripen their antiiers 
before the longer ones. This is to secure cross polUnatiori. 
So long ite the glands are active and a copious juice is 
secreted, insects come to have their drink ; at this time the 
short stamens discharge pollen which the insects' cany away* 
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'Whetn thejr do »ot Tieit« Uie long stamens simply sprinkle 
poUen’grsiua on the sticky, style just below (p. lAB). 



Fig, 338. TetiudynamouB sta- Fig. 339. Fioi-al diagram 

mens ; T, tbaJamus ; S, stigma. of Cmciferae. 

There are eeveral kinds of the Mustard plant in India. 
The white Mustard (shwet-sarisa — JBramca alba) and the 
black Mustard (Brassica nigra) arc winter annuals and have 
little economic value. The Rape or Coleseed is Brassica 
J^''apvs. It is as extensively cultivated as the Mustard plant. 
Both yield the same oil ; the Bape has amplexicaul or stem* 
clasping leaves. 

Other Crucifers— The Badish (Mool^k-^Baphanus sativus) 
is another annual herb. Its leaves* like those of the 
Mustard* are also lyrately simple. The swollen fleshy root 
(fig. 28) is well known for its nutritious qualities. It 
abounds in a pungent juice which gives a peculiar sweetish 
flavour. Cabbages and Cauliflowers {Brassiea ohracea) are 
other cruciferous plants. The edible portion of the latter is the 
young corymbose infloiescence of a peculiarly dense fom. The 
winter annual Candituft (/Jiff is), very often planted in 
lg^<|e]is with all its showy varieties, is peculiar for its 
s%IMiy Irregular flowers arranged in beautiful corymbs. 
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The order ita imma Irooi the cruciform arrant 

mentof the four petals of the flower. It is an order of 
herbaceous plants* many of which are aanualsi while a few 
are biennials producing a number of leares on a very short 
stem in the first season, and in the second, a flowering shoot 
with the charaoterfstio tetramerous and omoilorm flowers. 
The plants are spread all over the globe, but their wide^ 
distribution is in the cold temperate regions and in the hills 
of India. The ero|)s are all cold*weather crops* 

An allied family is the Papaveracasa (Poppy family.) The poppy 
plant (shown in iig. 96) is cnltivated for the opium which it yields. 
Some of the garden poppies are very showy. The 
common weed SheaUkanta is called the Mexican 
poppy {Argemont nuxkcm). All poppies have 
regular thalamidoral flowers. The stamens are 
numeroQB, the superior ovary is ^iSyocarpouB 
being formed from many carpels. The style is 
absent, so the stigma is sessile'; it forms radiating 
lines on the flattened top of the ovary. The fruit 
is a capsule bursting by pores (p. 142, flg, 243). 

Opium is the hardened ]uioe which flows Fig. .340. Floral 
from wounds on the surface of the young fruit, ^i'^fram of Papaver* 
The seeiis have medicinal properties and yields 
the poppy oil. Another allied Natural order is the Cappattdaceaa, 
an order of herbs and shrubs with tetramerous calyx and corolla and 
generally indo finite stamens. The ovary in this order is stalked and 
this is a very distinguishing feature. The common plants are the white 
an<l yellow Hni-hure {Gynandropsis pentaphylla, and Gleome viseosa). 



MALVACEAE (Cotton family) 


Distinguishing characters. - Herbs, shrubs or trees with 
alternate, stipulate, palmi-nerved, simple leaves. 

Flowers showy, regular, hermaphrodite, hypogytipus ; 
sepals 5, connate, valvate; petals 5, free, lobes 
in bud* 
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Sir49Cii^S mOA^i9tpWua« wh 
deiiisoing trans versaly. 

QvAftV wi^rior, synoarpotts. 3, 6 wiA 

auf^aaxms ^ovules attaobed to a» axita piaoei^ 

Feuit usually a dry oapsule or a mhimmtp. : ^ 
Type 1. JAVA — T\m Sko^ ^owbv (Hibiscus tosa^^JsinmHsX 
Tbe plant is a densely branched vtoady shrub* Leaves 
alteniate, stipulate, petioiate, simple. With Ht^almate venation* 
There are two on the two sides of tbe petiole ; they 

protect the young leaf-buds and fall off with tbe opening of 
the leaf. Tbe lamina is ovate, acute, serrate. gliiyi>rou6) except 
for a few branched hairs on tbe underside of the midrib. 

The large floWers are solitary, axillary, regular, hypogy* 
nous and hermaphrodite. There are two whorls of green 

sepal-like leaves* Of these 
the lower consists of six or 
seven Jinear bracts and is 
hence an involucre* J'his 
whorl is commonly bi^^t mis- 
takenly called an e^ncalyx 
(see p. 106)* The next^ green 
whorl" consists of five sepals 
united to form a gan^osepalotis 
CALYX, the lobes being 
valvate in bud. The COROLLA 
is very conspicuous being of 
a deep red colour. It is 
campanulate. the five petals 
which compose it cohere 
below sHghtly and adheiiug 
to tbe stamens form a 
short cup at the base. The petals are twisted in Itod. is* 
they .vhave contorted aeidivatlon. The AKDR.^lcrK eonidllts. 
of an iddefinit^ number of stmuens ; all tbe dlameulg cdhuKU 



Vig* 341* Floral diagram of 
Malvaceae ; br, bract«, cal, 
calyx ; oor, corolla ; st. |nona> 
delpboos gtamens, in the centre 
the S-ceUed ovary* 


I ttoiloeialsf 
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to tom £ totitilii are fres a sliort distaii|$fd^at the top end m 
the ' antliars hang loose from the stamioal tahe (monadei^ 
pboos, p. Ill fig. 183)^ The anthers are freet kidney-shapedi 
unitooular (fig. 196). The stmioal tube surrounds the style 
and being fused with the petals screens the ovary from view. 
There are five carpels fused to form a five-celled synoai*pou8 
OVABY, a single stylb bi*anching above into five ^verging 
limbs* each ending in a large round velvety stigma. There 
are numerous ovules attached to the azile placenta. The 
FRUIT is a looulioidal capsule ^the cells ' beingt cut length- 
wise midway between tbe partitions. 

e 

Type II — COTTON PLANT (Qosstfpium herhateuvn). 

The plant is a perennial bushy ehrub with thick, pide 
green, 3 or 5 lobed palmi-nerved, alternate, simple leaves, 
'fbe FLOWERS arise singly from the axils of leaves. The 
young flowe r-bud is protec- 
ted by three large cordate 
bracts which form the 
EPICALYX (fig. 341). The 
gamosepalous cup-shaped 
CALYX has five minute 
teeth. The , five large 
petals of d/he corolla are 
bright yellow, usually 
rendered more attractive 
by a blotch of dark purple 
at the base. They are 
twisted in bud. The 
numerous stamens are 
motiadelphous ; the tube cut Longitudiaaiiy to snow tbo 

adheres to the petals at its petals ; a, the renifom aaiiocular 
bue «^«riog the ovary aather. 
and at ftnrt a)ao the style. 

The tHtwot is reniforra and anilooalar. The long i^e 

?aL«) 
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lies enclosed by the stamens at its lomr part^ divides above 
into five stigmas. The ovary is five-oelled^ with numerous 
ovules on an azile placenta. The fruit is a dry capsule which 
bui^ts loculicidally into three valves (fig. 244). The seed is 
covered all over with white twisted hairs (cotton), and 
is rich in oil. The co.it of hairs helps the dispersion of 
the seeds. Pollination takes place with the help of insects 
which are attracted by the brilliant colour of the petals. 
The flowers are pollen-flowers (p 124): a large quantity 
of pollen-grains is produced for the insects to feed on 
(see also p. 135). 

There are two other species of cotton : the Tree Cotton 
(Gossypium arboreum) is a larger plant giving a greater yield 
of cotton of ooniraerce ; the American cotton plant is 
Q, barhadense which does not flourish hero. 

Cotton obtained from the last . three plants consists of 
fine twisted hairs which can be easily spun into threads 
and is hence of groat commercial importance. The red 
Silk-cotton tree (Shirnal ^Uombix m'llabaricum), however, 
yields a cotton which cannot be spun and is good enough 
only for stuffing cushions or mattresses. The Shimul is a 
large tree with horizontally spreading branches and com- 
pound digitate deciduous leaves (fig, i09). The large 
dark-red flowers are collected in fascicles near the 
end of the leafless branches. The leaves are shed in 
winter ; the tree remains leafless from December to March ; 
and the flowers appear in January when the tree is 
entirely leafless. The gamosepalous calyx forms a thick 
leathery cup. The ii ve large crimson petals are thick and 
succulent and afford a nutritious food to birds which visit 
the flower (ornitbophilous, p. 126). A sweet thick secre- 
tion is collected in the corolla for the birds to drink. 
Pollination takes place through the help of these visitors. 
The innumerable stamens form five separate bundles wbiofa, 
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however, unite below with the petals an4 so may be remote* 
ly taken to be monadelphous, otherwise pentadelphous* The 
fruit is a haid, woody, five-celled, five-'valvcd capsule 



Fig. 843. Flower of Kanak-chamim— Aceri/bUum^ 

The cnrved dotted leayee arc the sepals ; th^se lire thick, hairy and 
fragrant. The .etBoiens are united into a short column with 5 long 
blade-like staminodes. The ovary is seen in the centre borne on a stalk. 
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burcfliDg to let go the oountleea fieeds ^faioii baye , a 
sui^oe but reiaaii) embedded in a hirge i|iiant% of fine 
silky tvool or hairs denved from the pericai'p. 

, A very much similar tree is the Shwet Shimoob ibe 
white Silk-cotton tree (t^riodenirm anfrQctnmum). Like the 
last this plant also defoliates in winter when it beeotnee 
conspicuous by its straight trunk and branches very nearly 
in whorls. It flowers about March before the leaves appear 
again in the rains. The flowers are white, otherwise very 
much like those of the Sed Silk-cotton tree, but stamens 
only 5, connate below into a fleshy tube. 

Malvaceae is a large and important order and it includes 
many plants of the greatest economic value. The leaves 
are generally simple and palmately-lobed except in the Silk- 
cotton trees where they are digitately compound. The 
epicalyx of three or more braoteoles is also obaraoteristic, 
though it is not present in all plants of the order. The 
monadelphous stamens along with the unilocular reniform 
anthers are the great distinguishing feature. The fruit is also 
characteristic ; in Hibiscus and Gossypium it is a capsule, 
but in many oases it is a sohizocarp separating into cocci 
(see p. 145). Thus in Urena lohata (Okra), a common weed 
of waste places, the fruit when ripe separates into five 
indehiscent oarples or merioarps. 

Besides the cottons other eoonomic plants are the BecCan Hemp 
ikibiscuks camnaHms) which yields fiom its bark a fibre similar to jnte, 
and the Lady’s-finger or Ochra (Dhenras— //. gscklgftius), much 
cultivated for its fruit which is eaten as a vegetable. 

The order abounds in small flowering plants of surpassing 
beauty* The Chinese-Bose of garden hedges is BiMsous 
schifitypeialotis. It has long drooping flowers with ciliated 
petals. The Stihalpadma or the changeable Bose (B* muta^ 
hilisi is known for the change of colour, from white to red, 
which takes place in tie flower in the course of a day, 
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fht ii wj nmly allM to lialTaoesB ; nioo^d^- 

phoiw itaoie»8 ebaraotorifie both ordm Tbe moot common BteronHa^ 
ocouo plant ift Kanak-chatnpa (Hoocbkuinm^^^tMJspirifi^ ocei^Uunt^ 
tig* a huge road-aide tree. The ovary in thie older ii atalked 
(atipitatoj and the hoarera are generally nniaexnal, not hermaphiodite 
as in Malvaoeaa (Kanak-ohampa ia hermaphrodite), and the anthera 
are tvro-oelled. 

The following am a few of the other tbaiamidoral ordera— 

Nymph«ea€mae--'tbe Lotua and Water-lily family. The plants are 
aqoatk lierba with a rfaiaomona or tuberous stem lying buried in 
the mnddy soil of ponds. They have long-petioled floatings leaves 
with large roundish lamina. The flowers arise singly on long ataDm, 
are legular, polyphylloua, and hermaphrodite. The lower sujfaoe of* 
the leaves is coloured vidlct or red. This is due to the presence of 
anthocyonm (p. 201) in the cell-bsp which hrlps the leaves in absorbing 
the heat-rays. 



Fig. 344. Nymphaea aiba. Fig. 346, Fruit of Lotus, 

The flower of Lotus haa been described on p. 92. That of the common 
Water-lilies (Shalook— lotus) differs from the *lx>tUB only in 
having a ayncarpous many-celled ovary. The fruit of the Water-lily 
ia a spongy berry ripening under water and then decomposing to let go 
the seeds. The seeds float in water being covered with a mucilage and 
form extensive frothy floating masses. This is for the purpose of 
dispersion (p. 156), They Anally sink and germinate, ^he fmit of the 
l^tns, however, is a spongy aggregate fruit (see p. 149, flg. 268). 
y Ananaca ac — the Custard-apple family. The plants which are 
comm(IBffjr't'lll!4l^ or woody shrubs have limple exflii'e, exstipulate, and 
alternate leaves. The flowers are regular, hermaphrodite, trimrbus and 


360 ELEMEN'TARY ^TANY 

hypogynons ; in most cases the thalfttnus is elongated, Tbeire are three 
sepals, three or six petals, and generally an mdehnite number of stamens 
and carpels. The carpels are free and arranged spirally on the thalamus. 
The fruit of the Custard apple {AtA—Atio$ta squamosa) is a succulent 
berry that of the Bui locVs heart (SonA^Anoua raHailaa) almost 
similar (p. 148), The Kantali-cbampa (Artabotrys odoratisshrtus) is well- 
known for its fragrant flowers. The plant is a scandent hoolic-climber 
(p. 41, fig. 56) and has greenish yellow strong -scented flowers. The 
fruit (aggregate) consists of a number of fleshy one-seeded berries 
hanging Hke a bunch of grapes from the hooked peduncles. 

JMagnoliacese — T he Champaka family. The plants are trees or shrubs, 
oft^ climbing, with thick leavbb which arc alternate, simple, usually 
entire, with bud-scales or stipules covering the buds. Flowsbs ate 
hermaphrodite ; aestivation being imbricate. Perianth consists asually 
of one whorl of three petaloid sepals and two or more whorls of petals 
of three in each whorl. Stamsks : innumerable, hypogynous. Ovabt : 
Wnyi often few ; always unilocular. Frctit : A collection of follicles 
or berries with one seed usually in each. 

The Swaina champa {Mkhalia champaka) is a tree with large lanceolate, 
pinni-veined leaves. The leaf-buds as well as the flower buds are 
enclosed m a greyish scale-leaf — the convolute bud -scale. The flowers 
arise solitarily and are usually aromatic and showy consisting of a 
whorl of three petalloid yellowish green sepals and dark golden yellow 
petals which vary fi»om nine to twenty. The perianth leaves are all 
arranged spirally on the elongated cone-shaped thalamus. The essential 
organs of the flower are conbtituted of innumerable sessile anthers and 
innumerable carpels which are apocarpous and contain individually an 
ovary, a short style and the stigma. Tbs flowers arc protogynous and 
come under that group of flowers known as bce-Ilowers, since they are 
pollinated by bees. The fruit is a collection of follicles dehiscing by 
the dorsal suture only. The plant is cultivated in our gardens for its 
sweet fragraifl flowei'6. tSee p. 94, figs. 157, 158), 

The N, O. Magnoliaceae verj^ closely resembles th' order Anonaoeae ; 
the latter however differs from* it in having no bud-scale or stipules,* 1 
the sepals and petals being valvate in aestivation and seeds having 
ruminated endosperm. 

SAPINDACEAE (Lichi family). 

Dialiiiguiahiiig charactera.*- Trees or sbrubei rarely 
harba^ vtiih alternate, simple or pinnate LEAVE 8. 
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Flowbrs smalU polygamous* bypogynotta» regular or oftau 
UQsymmetrioal* in panicles. 

SxAiUBNS free, varying from five to ten, generally 6> 
inserted between a lateral disk and ovary. 

Ovary generally three-celled and thrae-lobed. 

Fruit capsular or succulent. 

THE MTCHI (N^phelium litchi). 

The plant is a tree with large pinna tely compound 
alternate loaves. The leafiets are lanceolate, very smooth 
and shining on both sides. Flowers arise in large terminal 
panicles. The individual fiowers are small, greenish white, * 
with a gamosepalous foui-lobed cup-shaped calyx. Corolla 
absent, i here is a largo fleshy disc-shaped gland in the 
centre which secretes honey an^ is hence a nectary. On 
this the stamens and carpels are inserted. Stamens from 
six to eight with free filaments diverging from the central 
gland. Qynoboium superior, syiicarpous, elevated on a 
short style and bifid stigma. Ovary two or three-celled 
with one ovule in each cell. During the formation of the fruit 
only one cell persists and one ovule matures into the seed. 
The Fruit when ripe has a thin tuberoled pericarp and a 
large seed enveloped by a thick fieshy aril (p. 154) which 
constitutes the edible part. 

Another plant having almost the same floral and fruit 
structure is the Aash-phal {Nephehum hngana). Another 
very common plant is the Napatki or Lata-phatki (Oardios- 
permum halicacahum), a tender climbing herb with ternate 
leaves and small hooks below the flowers (hook-climber, see 
p. 39). It has a 3-celled, peculiarly inflated bladder-like 
3-valved capsule. 

RHAMNACEAE. 

DiitingUYshing charscierf. — Trees or shrubs, often spiny, with alter- 
nate, simple, stipulate LBavas. Flowsxs greenish or pale, smaller, 
regular. Calyx gamosepalous^ minute, 1-5 cleft, lobes valvate ; V8TA3 :iS 
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STAlISIfS peficjrooiis, AS JQft&y M ^ 

And superposed to them. Ovary soperior or hall«ln£erlor, gener&Mjr 
3-oeUed, Frvzt a berry or capsal$ with one seed in eaetiPoelU 

The Kool {Zvtyphus i«;u6d) is n mcch-^braoohed, hard, woody shrab 
with simple, alternate, short-petioled, roundish, serrate leaves whioh are 
shiny on the upper and downy on the lo wer surface. It ts aimed pro- 
fusely with sharp spines which represent t^ stipules, flowsrs axillary, 
crowded in small fascicles. CALYX gamosepalous, the 5 calyx-lobes 
wedge-shaped and concave like spoon, petals 5, small. axAMBite 
dve, superposed to the petals and lying in their hollow. At the base of 
the staminal whorl is a ring-shaped disc with several glands Whioh 
secrete honey, ovary superior, syncarpous, with a biftd style and 
stigma. The fruit is the well-known large smooth fleshy yellow drupe 
(see p. 146.) 

Plants of this order are usually thorny stragglers. Sheakool {ZUy- 
phus OMplia) is a shruby straggler often found in hedges. The straggl- 
ing branches are very long and covered with white hairs at the yonnger 
parts and armed with exceedingly sharp sti pulary thorns. 

LEGUMIN OSEAE . 

This is the second largest order of flowering plants. It includes a 
wide variety of plants from small annuals to the loftiest tm& The 
plants are herbs, shrubs or trees with alternate, compound, stipulate 
leaves. The order derives Its name from the fruit whioh is either a 
legatee or a loment (p. 141). It is divided into three well-marked 
sob-orders : PapilionAceae, Caesalpineae .nnd Mimoseae. The disUng^sh- 
uty characters arc 

Pcpdiimacem Cmsdlpiaem hHmosem 

Flowers.... ..papilionaoeouB slightly irregular regular. 

Petals vexillary imbricate valvate. 

Stamens... ... 10, mon-or di- 10, of which indefinite, 

^elphous a few are stammodes free. 

PAPILIONACEAE. 

Type I. THE PEA {Bisum saiimm,) 

The plant is a tendril creeper, a very slender annual 
hert) (see fig, 57), The leaves are compound, eadi con- 
siidiiRf of three ^ or foar pairs of leaflets arranged on 
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apposite aides of the oommon atelk. The terminal leaflets 
are modified into tendrils which help the plant to get hold 
of supports- The oirrhiperously pinnate (p. 50) com- 
pound leaves are arranged alternately on the stem* and 
are provided with large foltaoeous stipules (p. 50). 
The stipules when young protect the leaf- and flower-buds, 
but as the buds unfold they spread out and perform the 
function of leaves They fuse by their margins to form 
a single flat structure apparently pierced by the stem. 

The flower (fig. 3 16) is like a butterfly : it is papilionaceous 
having a vexillary aestivation (p. 109). The OALTX is gamosil- 



Fig, 34^, A— the Pea Flower, s, the standard ; c, the caly*; 
o the same out vertically showing the stamens and car()el. C — the 
I^talB only ; k, the keel ; w, the wings ; s, the sfeandarcj, D— the 
stamens, 9 Iqwer united, and tlie npper one or the tenth free, B— the 
carpel ; c, the orary ; at, ati^itna, 
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paJoust th^te being a short cup with fire unequal lobes* The 

COROLLA is perigynous, has fire 
free petalfl> of which the largest 
is the standard! the two lateral 
petals form two wingsi and the 
two lower (anterior) are united 
by their lower margins to form 
the boat*shaped keel or karina. 
The ANDRABOIUM consists, of the 
stamens (diadelphous> fig. 185) 
of which the nine lower ones 
are united to form a split 
tube, the split or opening 
being closed by the tenth free 
stamen. The anthers are free.. 
The GYNCECIUM consists of one carpel ; the ovary is elongat- 
ed, style and stigma simple. The FRUIT is a legume 
(fig. 347) which bursts both by the ventral and dorsal sutures. 
The seed is oxalbuminous ; it has a thin testa and a largo 
embryo, the two cotyledons of which are very swollen and 
occupy the whole cavity of the seed ; a very small plumule lies 
between them. Pollination is effected by bees (see p. 125). 

Type II. APARAJITA {Ciitoria ternatea). 

The plant is a rather extensive climber with a wiry 
stem and numerous branches. The leaves are alternate, 
piunately compound with an odd terminal leaflet. They 
are stipulate, the stipules here being small and membranous, 
not large as in Pea. There are no tendrils as in the Pea, 
but the plant climbs by TWINING its stem and branches round 
supports. 

The bluish flowers are solitary, axillary, of the 
itypieal papilionaceous form, but has a comparatively large 
itandard and a small keel entirely covered by the wings. 
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The other floral oharactere eorreapopd exactily to t&oee 
of the Pea. 

The Papiliooaceae> the largest of the three suVordera of 

Leguminoseaei includes mostly herbs or hel^baoeous climbers* 

though a few are large ti'ces or woody shrubs. Many of the 

papUionace® are climbers : the Pea and Ibe Gram dimb by 

leaf-tendrils* others like the Bean and Glitoria, are twiners. 

* 

The leaves are always compound, sometimes TRiFaUATS* 
with only 3 leaf-lets, but mostly pinnate with savertU leaf- 
lets ; stipules are always present. The flowers generally 
arise in racemes. 

Common Plants.— All tho poises belong to ibis order. The Mashka- 
lai (Urid) is Pkas 0 obts Mungo ; i^he Moog (Mung) is radiatus ; Kheihri 
is Latfyms satwus ; Masur is inns sscuUnta ; Glram (Ohola) is CiGsr 
arktbmm ; Bhim is Dolkhos LoMot— ail coltivau^d annuals with 3 foliate 
leaves. Besides the pulses the fruit s^oi Barbaty {Vigna Caijang), Mskhan- 
shim {Canavc^ ons^/bmis) and Bean {Vida FcAa) are common table 
vegetables. 

The Sun-hemp from which the fibre Shun is obtained is Crotdaria 
Juncea, Sank-alu is the sweet tuberous root of the climber Pnehyrhuus 
angulatus. Indigo is obtained by decomposing the leaves of Indigofgra 
tmetoria^ a small woody plant. Abrus precatorms^ the Koonch plant, is 
a hardy shrub which protluces the b'^autiful crimson seed used as small 
weights by jewellers. Tho Shola plant {Aeschynmont aspsra) isnivatcr- 
plant, and yields the Shola of commerce used in making bats and toys. 

Of the laige tiee Buiea frondosa^ the Palas tree, Bryikrina Men, the 
Parijat, and the Bakphul, are well-known for their 

beautiful gorgeous flowers. Dalhergia Sisso is the large timber-tree 
Sissoo, while Ftgrocarpus Santalwus ts the red santal-wood tree. 

CAESALPINEAE. 

Tho Tamarind ( Tamarindus indica) may be taken as a 
type. It is a large tree with pinnately compound leaves. 
Flowers in racemes, strikingly irregular with only three petals 
streaked with red -and yellow', and three fertile stan^ens and 
a few short sterile staminodee. The stalked petals epiead 
out like the wings of buttei*fly. The fruit ia the ^welh 
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known indehisoent legume with tranfiverse conetriotione* fall 
of a soft acid pulp (p. 142). 

Another very common plant of this family is the Indian 
Ijaburnum tree (Soondali or Sundulay— ^ 
Cassia fistula). It has very beautiful pendent 
racemes of large golden yellow flowers. The 
fruits are long rod-shaped indehjsoent legumes 
the pulp of which is used as a purgative. 
The Gold-mohur tree (Poinciana regia)^ often 
planted on roadside, produces very showy 
and large flowers. The flowers are produced 
in the hot season just before the rains, and 
Flower of^Babla. profusion that the extensive canopy 
of the tree looks as if covered with a 
lilac-coloured vesture which gives a surpassing beauty to the 
trees. These plants have usually ten stamens some of 
which, however, are sometimes abortive. The Asoka tree, 
well-known for its crimson flowers, is Saraca indica ; the 
flowers are heptandrous. The Kanchan (Bauhinia) is a shrub 
or small tree with beautiful white or coloured flowers ; it is 
peculiar in having simple leaves. The leaf has a wide notch at 
the top making it appear as if composed of two fused leaves ; 
hence the Sanscrit name Jugma-patra given to the plant. 
Kal-kasonda occidentalis) is a small shrub very common 

on road-sides and waste places. Krishna-chura {Caenalpinia 
pukherrima) is another large tree with beautiful flowers. 


MIMOSEAS. 


The Babla {Acacia arabica). 

The plant is a hard woody arborescent shrub or a small 
tree. The leaves are compound and bi-pinnate ; the leaflets 
are small and fold up at night. The leaves are alternate and 
stipulate as in other Leguminesm, but the stipules here are 
transformed into spines. The bark of the tree is well-known 
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for it» astringent property irrhicb is due to the presence of 
tannins for which it is used in leather factories for tanning 
leather. The ordinary gum of commerce is the exudation 
from the bark of this plant. 

The FLOWERS are small but densely clustered in round 
heads (fig. 147). The latter look like single flowers and are 
yellow. A single flower from the head is shown in fig. 348- 
The calyx is a minute cup (K). The corolla (C) consists of 
four or five minute petals. Stamens (St) innumerablei with 
their filaments free, and bright yellow anthers standing high 
above the flowers. The filaments radiate on all sides and 
givQ the peculiar beauty the small flower-heads have. 
The FRUIT is a flat grey legume constricted between the 
seeds so that it appears like a string of beads. 

The Sensitive plant (tfie Lajjabuty — pudica) 

is a small shrub. It is remarkable for the peculiar sensi- 
tiveness of its leaves to external stimuli. The stipules 
are not quite spiny, but thorny prickles arise from the 
base of the leaves. The flowers are structurally very 
much like those of the Acacia but the small heads are of 
a light rose colour. Fruit a loment (p. 142), 

ROSACEAE (Rose family). 

Distinguishing characters.'— Trees, hoibs or shrubs with 
alternate, stipulate, compound pinnate leaves. 

Flowers regular, rosaceous, perigynous or hypogynous, 
hermaphrodite. Calvx 5-fid, petals 5, free. 

Stamens many, free. 

Ovary superior, half'superior or inferior, apocarpous, 
rarely syncarpous. 

Fruit a collection of achenes or drupes, or a single 
drupe where there is only one carpei (Peach). 
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The GARDEN ROSE. (Hosa e^UfoUa), 

The plant is a small shrub with woody stem which is 
armed with many priohles. The lsavss are compound 
with two or three pairs of leadets and an odd terminal one 
(imparipiunate, see fig« 53). They are provided with two 
lateral stipules which run a short distance up the petiole 
(adnate stipules). In bud the leaves are folded along the 
midrib (eonduplioate vernation, p. 68). 

The flowers are solitary and terminal, regular, herma- 
phrodite. If a longitudinal section be cut (fig. 159) it 
will be seen that the calyx arises from a cup-like receptacle 
containing numerous carpels. The five sepals arise from 
the margin of this receptacle. On it also lie the numeftius 
petals and but a few stamens. In wild Rose there are but 
five petals and numerous stamens ; the latter, however, 
are transformed into petals in cultivation. Thus the garden 
Rose is a double flower (p. 97). The aim of the gardener 
is to produce large compact Roses with all the staminal 
leaves converted into petals. The gyncecium is com- 
posed of many free carpels which form separate ovaries 
all lying inside the hollow receptacle. There are as many 
styles and stigmas as there are ovaries. The FRUIT is an 
aggregate fruit and is known as the Rose-hip (p. 160). 
It is really a colleccion uf one-seeded achenes which ripen 
from the apocarpous ovary. The receptacle becomes fleshy 
and forms a sweet pulp which attracts birds. The small 
seed-liko fruits are dispersed by birds. 

Other Rosaceous plants arc the Apple— mahis ; Pear— 
oommums ; VeAch— Pnams perstca ; Loquat — Bnobo»ya japonka ; Almond — 
Pntms amygddksy etc. 

" MYRTACEAE— (Guava family). 

Distinguishing characters.— Trees or shrubs with 
opposite, simple, entire lraves with glandular dots containing 
arpmatic oils. 
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FlowCCRB regular, hermaphrodite, eptgynoaa vrith 4 or 5^ 
meroQs perianth. 

Stamsns indefinite, free. OvaHV inferior, 2-GeU6d, 
plaeentatioo axile, oirules one or more. 

Fruit a capsule or a succulent berry. 

Type I. GUAVA {Psidium guai/a). 

This is a small evergreen tree with whitish scaly bark. 
Leaves opposite, simple, entire, sbort-petioled, exstipulate. 
The veins of the leaf unite into a nerve which run parallel 
to the margin. This is the sub-marginal vein so chat^ 
teristic of the order. The flowers arise singly or in 
clusters of two or three, are large, white, and epigynous. 
The CALYX forms a tube actuate to the wall of the ovary 
and hi\s four or five lobes arising from the top of the latter. 
Petals of an equal number, free. Stamens epigynous, 
numerous; the filaments slender, bent inwards before the 
flower opens. The gyncecium is syncarpous ; the ovary 
inferior, adnate to the calyx* tube, with 4 or fi cells ; pla* 
oentation axile. The fruit is an inferior berry with the 
calyx-lobe.^ persisting as dry scales at the top. Sbsds 
numerous, hard, imbedded in the pulp of the fruit. 

Type II. JAM or JAMON (Eugenia JamMana), 

The plant is a middle-sized tree with opposite, ablong, 
entire, exstipulate leaves with veins running into a nerve 
parallel to the margin. When the leaf is held up to light 
little transparent dots are seen ; these are glands contain* 
ing a volatile oil which emit an agreeble odour when the 
leaf is bruised. The white small Flowers arise in oom- 
pouud triohotomous cymes , from the axils of fallen leaves. 
The OALYX is represented by four small lobes arising fi^om 
the top of the ovary. Petals four, inserted on a small 
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disc within tbs cilyt. cidu^ous, in-, they fall away^ as soon 
as the dowerbud opens. Stambns immeroas» long, coloured 
and showy. Ovary inferior, two-oelled, adnate to the 
hollow thalamus. Stylo single with a small stigma. 
Fruit is a dmpe with one large seed. When crushed 
by the teeth the seed has a bitter taste and hence birds 
which eat the fruits do not try to oat the seed. The pulpy 
part is pf a violet colour, the thin skin being black. 

Myrtaceae is an order of tropic evergreen plants which 
are hard and woody and have generally small shiny coriaceous 
leaves. The leaves are mostly opposite (alternate in Encalyp- 
tus), and the glandular dots and sub'marginal veins are very 
chatactoristic of the order. The plants are generally aromatic 
and some yield valuable oil contained in the oil-gland of the 
leaves. Eucalyptus, Clove, Myrtle, and Cajeputy Oils are 
instances. The order abounds in lofty trees ; some of the 
Eucalyptus trees of Australia attain a height of 300 to 400 ft ! 

The epigynous flowers with their numerous long colour- 
ed stamens are very attractive, not so much for the petals 
as for the countless stamens which stand in beautiful bunches. 
The inferior ovary is crowned by a flat disc ; it may be 1- 
celled with 1 or more ovul(39, or 2 or more-celled with numer- 
ous ovules. Fruit is either a dry capsule (Eucalyptus) or a 
berry (Guava, Jams). 

Other important plants : — ( I) The Rose apple (gulabjara) is Euggnia 
Jamhos] (2) the white Malay apple (Jamrul) is f. Mdaccgnsi 5 —hot\x 
caltivate<l for the fruits. (H) Cloves (Lavunga) are the ilrietl flowor- 
bufis of Euggnia Caryophyllata, (4) Caieputy oil is derived from the 
leaves of Mgtalguca Leucadgndtvn. 

A few others are ornamental gaixlen plants. 

An allied order is Lythraceae where, however, the leaves are not 
gland*dotted, nor do they possess any sub-marginal veins. The most 
common plant is the shrub Menthy or Henna {Laufsonia ^gnnfs), 
the crushed leaves of which are used by Indian ladles for decorating 
their linger nails. The large timber tree Jarul (Laggrstragntia fhs- 
rggina) has very beautiful, large, rose-colouml flowers. The petal? 
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of thMe plants are stalked aad orompled ap or oorrugatfid which 
makes them exceedingly nice looking. 



Pig. S49. Male flower of the Pump- Pig. 350. Female flower of same 
kin cut vortical ly, in the centre cot vertically, the swollen part 
tlie stamens. is the inferior ovary ; S, the 

Btigraa. 

CUCURBIT ACE AE — (Cucumber family) 

Distinguishing characters. — Herbaceous climbers with 
axillary or litor.il tendrils. Lravbs simple, alternate, 
exstipulate, large, cordate, palmate ly lobed. 

Flowrrs regular, unisexual, epigynous. 

Calyx and -C orolla usually gamophyllous, 5-lobed. 

iStamkns usually 3, rarely 5, 2 pairs of which unite to 
form i thick filaments and I free, forming altogether 3 
filaments. Anthers usually syngenesious, sinuous. 

OVARY inferior, 1 celled, with 3 parietal placentas which 
sometimes project inside and make the ovary falsely S-oelled ; 
many ; style I, stigma 3. 

PRTTiT a berry, or a large pepo. 

Type I. CUCUMBER ( Owumis sativus). 

The plant is a herbao^us climber with a hollow five* 
23(o) 
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edeed succulent stem. It climbs by means of long thin 
branched tendrils which arise from the base of the leaves and 
are hence modified branches. The young tendrils are always 



Fig, 351. Male Cower of pump- Fig. 352. Female flower of same 
kin with perianth removeil ; st, the with perianth removed ; 
three stamens ; a, anthers. stigma, the swollen part is 

the inferior ovary. 

making spontaneous movements in air till they come in 
contact with some support which, if of suitable thickness, is 
at once clasped. The leaves are large, broad, cordate, petiolate, 
alternate and simple. Fine bristly hairs cover the whole 
plant excepting the tendrils. As in many climbers, the 
plant has often to trail on the ground and then its leaves 
twist their petioles variously so that the lamina is laid 
fiat. The leaves being large are protected from being torn 
up by wind by having a strong rib going from the top of the 
petiole to the separate lobes, thus giving to each lobe a 
separate network of the supporting tissue. 

The flowers arise singly or in small clusters from the 
leaf-axils.. The calyx and corolla are united at their base. 
CALYX gamosepalous, campanulate. Corolla is regular, 
cpigyuoiH in the female flower, and campanulate in shape ; 
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in tbe tnale it is provided \vith a lobed ^isc at tbe base. 
Male and female flowers are formed on tbe same plant 
(monoeoious. p. 110). Stamens in tbe male flower only tibree. 
epipetalous ; two filaments more or less united in pairs, and 
the anthers convoluted and laterally united.. In tbe female 
flower there are small glands at the base of the corolla 
which represent the aboitive stamens: they secrete honey. 
The OYNOBCIUM is composed of three carpels fused to form 
a syncarpous inferior ovary with a short style and three 
stigmas. The calyx arises from the flat top of the hollow 
thalamus which encloses the ovary. The inferior ovary is one** 
celled with three prominent parietal placentas which bulge 
towards the centre and bear numerous ovules (see p. 149)* 
FRUIT, technically called a pepo, is a large berry with 
leathery rind and numerous seeds. Seeds compressed, 
exalbtiminous, with a large embryo. 

The flowers are insect-pollinated. Insects carry the 
pollen from the male flower to tbe stigma of the female. 
To attract them a sweet liquid is secreted by the small 
glands at the base of the corolla. Insects attracted by the 
bright colour of the corolla move about from flower to 
flower seeking the sweet secretion and collecting pollen and 
thus bring about intor-crossing (see p. 124). 

The order is characterised by the peculiar climbing 
habit of the plants, the unisexual flowers, and the inferior 
pepo or berry-like fruits. The plants are climbing herbs 
with hollow stems and simple or divided tendrils. The large 
broad palmatcly- veined loaves are always covered with coarse 
stiff hairs. Some plants are dioecious (p. Ill) — Patol 
( Trichosanthes dioica) but the great majority are monoecious. 

Common Plants Many plants of this order are cultivated for 
their fruits which arc either table delicacies or kitchen vegetables. Of 
the vegetables the most common are tbe Lau or Kudoo [Lagenaria 
Vutgaris)i and the Kumia (white or Chal-kumra— BsfrwcflM eerifira)* 
Other plants are Cveumis melv, tljc Musk Melon (Kbarbooj) j 
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CuGutima maxima^ tbe Goujd (Belati Kumra) ; CucuMa ptp(h 
rumpkin ; CiruUus'^viilgariSi the Water-melon (Turbboi). Of the bitter 
vegetables Uiffa acutangula (Jhitipa) and Momordka duirmda (Karela) 
are used in Indian carries. Ctphalandra inMca (Telakucha), a wild hedge- ' 
climber, prodnceti very beaut if nl red berries which are greedily eaten 
by birds. A similar plant is the Makal {Tridtosantfms palmotaY, 

RUBlACEAEf (Rangun family). 

Diatinguishing chaiacters. — Trae8> shrubs or herbs with 
entire, simple, opposite leaves having interpetiolar stipules. 

Flowers regular, hermaphrodite, gamopetalous, epigyn- 
ouB, often 4"merou8. 

Stamens 4 or 5, epipetalous, alternating with oorolh* 
lobes. 

Ovary inferior, two-celled with two or more seeds. 

Type I. EANGTJN (Txora coccinaa), 

A common bushy garden shrub planted for its delightful 
cluster of flowers. The stem is hard, woody and much- 
branched. The leaves are opposite, almost sessile, oblong, 
entire, tough and leathery. Between the abbreviated petioles 
lie two sea ri oils stipules, one on each side. These are the 
interpetiolar stipules eo charac- 
teristic of the order. 

The flowers arise in dense 
clusterr at the end of the short 
twigs in di(^hasial cymes which 
are highly attractive for their 
scarlet colour. The calyx has a 
small tube adnate to the wall of 
the ovary, and is represented by 
only four minute teeth (fig.180). 

The gamopetalous COROLLA has 
a long slender tube spreading 
above into a four-parted limb. 

These corolla-lobes remain twis- 



Fig. 353. Floral diagram 
of Rubiaceae, showing the 
tetramerous calyx, corolla, 
and stamens, and dimeroos 
ovary. 
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ted in the bud« Stamens four, inserted in the mouth of the 
corolla-tube alternating with the lobes. The filaments are 
very short so that the anthers appear almost sessile. Qynce- 
CfUM consists of two united carpels, a single long style, and a 
bifid Stigma. Qvary syncarpous, inferior, two-celled, each 
containing one ovule. The fruit is a succulent scarlet- 
coloured drupe with two small I -seeded stones. Seeds with 
horny or fleshy albumen. 

Pollination takes place with the help of insects. Honey 
is secreted by a small disc round the base of the style. Only 
bees and„ butterflies provided with long tongues can pollinate. 
For, the nectar is secreted a longdistance away from the mouth 
of the tubular corolla and can only be reached with a tongue 
of corresponding length. A long-tongued bee, while creeping 
Over the dense floral clusters and dipping hero and there 
for having a sip, brings its head in contact either with 
the anthers or with the bifid stigmas of different flowers. 
Intercrossing is often geitonogamous (p. 128). 

Type II. K ADA MBA (Anthocephalous cadamba). 

The plant is a huge tree with very large prominently 
ponrii-nerved, simple, opposite, petiolato LEAVES. The sti- 
pules are caducous ; they protect the young terminal buds 
of the shoot but fall away as soon as the stem elongates. 
The flowers are clustered in very attractive globose heads, 
of the size of tennis balls. The numerous styles and 
STIGMAS, projecting far above the floweis, form a white 
fringe which heightens the beauty of the cluster. The minute 
calyx has a five-parted limb ; corolla is small, funnel-shaped. 
Stamens ‘ 4, very long ; style of equal length, bifid. The 
flowers are presumably pollinated by bats and birds, the 
juicy stamens affording food. The fruit is an inferior, 
four-sided, two-ceiled, many-seeded cap-ule. 

Other Rubiaccous plants aie Oaiidharaj iCardenia florida)^ a 
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much branched tree with large, Bolitary, axillary^ {ragrant, white 
flowers ; the flowers here are not tubular as in the last two oases and 
very frequently become doubled (p. 97). The Manjeet {RMa oon^/bUa) 
ib a climbing herb. The well-known Cinchona plant {CMitma 
suedrubra) yields quinine from its bark. Badapata {Mussamtda 
eoryntbosa is a small shruby plant peculiar on account of the striking 
development of one of the calyx-lobes as a large white leaf. The well- 
known Coffee plant {Coff^a arabica) is cultivated for the coffee which is 
obta ined from the seeds. 

The interpetiolar stipules (fig. 79) of Kubiaoese are very distinctive 
of the whole order. The stipules sometimes become large and leaf-like 
(FOLiAGKons) and form with their leaves a false whorl round the stem 
(Munject). 

COMPOSITAE (Sunflower family). 

Distinguishing characters.— Herbs with simple, altetpate. 
or opposite leaves. 

Flowers epigynous, gamophyllous, aggregated in 
capitula. 

Stamens five with syngonesious anthers. 

Ovary inferior, 1 -locular, with one ovule. 

Fruit a dry indehiscent cypsela with persistent calyx, 
often in the form of pappus. 

Type I. SUN-FLOWER (Heliontkus onnuus). 

There are many varieties of the Sunflower cultivated 
in gardens. All are herbs with a herbaceous, hairy, hollow 
stem. The leaves are simple, alternate, exstipulate, petio- 
late, large, slightly cordate at the base, ovate-acuminate, 
and rough with stiff hairs. The margin is broadly serrate ; 
there are two stmng lateral veins on the two sides of a 
strong midrib. 

The stem and branches terminate in large capitula 
(p. 79, fig. 133) which turn their faces towards the sun 
(hence the name Sunflower). There are two kinds of 
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flowers : those on the oircamferenee of the oapitulum are 
large and strap-shaped or ligulate —these are the RAY- 
FLORETS ; those inside the circle, seated sessile on the flat sur* 



Fig. (''apifuluin ot Sun-ltowor cut. voi ^ically to fihow : Th, the 

rachis; br, the ifivolucrc of bracts; U, (ht‘ ray-riorclH; D,D, the 
diBO-florelfi, 

face of the receptacle, are small and tubular — these are the 
DfSO-FLORETS (see p. 86). All the florets are epigynous, 
the ovary being enclosed within a hollow thalamus the rim 
of which forms the calyx-tubo. Each floret is subtended by a 
small, thin, white scale which is a bract and is known as the 
PALKiE (p. 81, fig. 137). The flower cluster is surrounded 
on the outside by whorls of small green leaf-like bracts — 
these constitute an involucre (fig. 133). 

The RAV-FLORETS are irregular and unisexual, being 
pistillate. The tubular calyx is not apparent being adherent 
to the inferior ovary. There are, however, two small scales 
at the base of the corolla which represent the calyx-lobes. 
The corolla is gamopetalous ; there is a very short tube 
at the base which appears to be split at one side and 
then the corolla spreads out in the form of a long flat lip. 
The tip of this ligulate coVolla is here acute but in other 
plants of the family has 3 to 5 indentations which represent 
so many petals. (See figs. 17 1, 176). 
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Th« DTSO'FLORBTS are regular, tubular, evrollen at the 
base with five corolla'lobes represeotiag the petals, and 
are hermaphrodite and epigynous^ ANDaiSOlUM consists 
of five epipetalous stamens springing from the oomlla with 
free filaments and cohering anthers (syngenesious, p. Ill, 
see fig. 186). Calyx as in the ray-fiorets. 



Fig. 366. Garden Sunflower. 



Fig. 366. Floral c!ia<> 
gram of Coropositm. The 
outer dotted circle icpre- 
BcntB the pappose caiyx, 
next oomcB the circle of 
corolla-lol>e8. The third 
circle represents the syn- 
genesiouB stamens. In the 
centre is the 1 -celled ovary 
with a single seed. 


The GYNCECIUM of all the flowers consists of two carpels 
which form a syncarpous inferior ovary, a single style, and 
a bifid stigma. The ovary is unilocular, contains only one 
erect ovule, and matures into a cypsbla (p. 143, see fig. 
245). The calyx persists in the form of two very short 
membranous wings on the top. Seed exalbuminoua, 
has two large cotyledons between which nestles a small 
plumule. 

Pollination t— The flowers open very gradually {from 
the circumforerice to the centre. They are protandrous 
(p. 129), and are pollinated by insects (Bees). The ray 
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florets serve to make the infloresoenoe oonspiouous ; the 
countless disc-florets produce a large surplus of pollen which 
is collected by Bees as they crawl over the cluster. The 
pollen is discharged inside the tube formed by the coherent 
anthers over the head of the still elongating immature 
style. This is provided with hairs on the outsidey and the 
hairs catch the pollen-grains, so the style at this stage 
appears somewhat like a paint-brush. At flrst the elonga- 
ting style sweeps the pollen above so that insects crawling 
oyer the flowers get it easily (see flgs. 223 — 26). After some 
time the style bifurcates and the stigma is lipened. Now 
the pollen is almost beyond the reach of the insects, because 
the tip of the style is now redexed. As the insects tranvple 
00 alt the flowers, the pollen from the younger ones reaches 
the ’^older florets which are ready with their bifid stigma* 
tin the failure of inter-crossing self-pollination takes place, 
as has been described on pp. 133 and 135. 

Other Conipoifiitae plants having almost the same floTal atincture are 
Marigold (Gontla — Tag^tts Patula) and Zinnia {Zuinia El§gans). In these 
plants, however, the flowere are frequently doubled. In Zinnia the 
leaves are opposite and sessile ; those of Marigold are alternate but im- 
paripinnatcly Gompound« 

Typk II. KUSUM (Safflower — Oarthamus tinctarius). 

The plant is an annual (winter) herb with many axillary 
branches. Leaves simple, alternate, exstipulate, sessile, 
broad-lanceolate with deeply cut spinous margins. The 
FLOWERS form small heads which in the bud are perfectly 
globular. The involuoral bracts form very compact imbricate 
whorls armed with spines and bristles. There are no strap- 
shaped ray-florets. The flowers are all of the same form, 
gamopetalous, irregularly bell-shaped, with five corolla-lobes. 
The small bracts which subtend the individual flowers 
(p.ileae) are foliaceous. Andrmcium and gyncsciuni as in the 
last type. 

24 
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The plant is cultivated for the sake of a brilliant dye 
(Caethamin) obtained from its deep orange fiowersi also 
for the oil vrhioh can be expressed out of its seeds. 

The Compoaitee forms a very well-defined natural order 
of plants characterised by their infioresoence, the syngenesious 
stamens, and inferior unHocuIar ovary with one ovule ; 
the calyx is often indistinguishable but sometimes forms a 
tuft of hairs crowning the ovary and the fruit^this is called 
the pappus (fig(^^j|B^3). Another very characteristic feature, 
though not of tslsfoiiance in classification, is the presence of 
IKULIN instead of starch in the subterranean parts (p. l9fiX 
Other common plants of the order arc, — the Chsildiahuilliha 
(Chrysanthemams)) highly piizcd for their elegant j PgrlSlSIl^ 

cinerea (Kokahirn) is a very common Wfcd of waste plijoei 
/luctuans (Hingcha) is a water-plant often taken as a renuHllr/ lor 
flatulence and slcepicssncBS. 'ii 

SOL AN ACEAE (Potato family) 

Diatingoishing characters.— Herbs or shrubs with 
simple or pinnate, alternate, oxstipulate leaves. 

Flowers regular, gamopetaloue, pentamorous, herma- 
phrodite, hypogynous. Stamens five, epipctalous. 



Fig. .H.57, Flower Fig. S5 8. The same Fig, 859. An anther 
of Potato ; St, cot vertically j of same showing 

stamens ; s, the st, stamens ; s, porous dehiscence ; 

stigma. stigma. p, the pollen. 

, OvAltY superior, two-locular, with a prominent axile 
plaeent£t;bearing numerous ovules. 
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Fbuit a berry, less often a cotHiiila, with numerooi seeds. 

Tybk I. THE POTATO (Sdmim tnhmrosvw). 

Tbe plant is a small annual beiHb oultivated for ite 
tubers (p. 33, fig, 40) which are swollen portions of under- 
ground stolonilerous branches, leaves large, siibple, pinnata- 
ly lobed i between larger lobes are smaller ones, the 
terminal lobe being lixe largest. 

Flowers solitHry^ axillary, regular and bypdgynous. 
Calyx oonsists of 5 sepals united al the base to form a 
flat cup. COBOLLA rotate, gamopetalous with* five spread- 
ing lobes: the latter are fdidtad and twisted (p. 109) in 
bud. Stamens epipetalous, alternating with the co^lla- 
lobes, with large coherent anthers which dehisce by apical 
pores (p, 113). Oyncecium emnsists of two carpels united 
to form a superior syncarpous ovary, a single style, and 



Fig. aeO. The Brinjal plant. 


a simple stigma. The ovary is two-cellcd with numerous 
ovules attached to a prominently peltate exile placenta. 
Feuit is a round green berry with many seeds. 
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Tho Brinjal (Solanurn m^hngena — Ba^un), well-kiiown 
for its large berries, has a very similar floral structure. The 
leaves, however, are not lobed but are simple and peculiar 
in haying several stiff pnokles on its lower surface. Another 
plant having a similar floral structure is the common weed 
Kantikari (S^^lanum manihocarpum). It is a prickly herb 
with pinnatifid leaves which are very spinous, the lobes 
being drawn out into hard spines. It has small bluish 
rotate flowers and yellow spherical berries streaked with 
white lines. The Capsicum (Lunka— frutescms) 
has also a similar floral structure. The fruit is a long 
dry berry. 

Type II. THE TOBACCO {Nicotiana tabacum). 

The plant is a small herb covered with sticky glandular 
hairs. The large leaves are simple, alternate, entire, and 



Fig, 362, The Datura plant. 

of varying size. The flowers arise in terminal cymose 
fascicles, are either white or red. Floral structure same 
as given before, but the corolla if bcll-shapcd and 
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elongated (xtot i*otate as in the variotts spebies ol Sblanuia) 
with the plaited aestivation peouliar to the order* The, five 
STAMBNS are epipetaloua, alternating with the oorolla’lobesi 
the adhering filaments forming ridges on the corolla* The 
fruit is a capsulei bursting into two valves. 

The Datura (Dahiro stramonium) is a common weed with 
large unsymmetrical leaves. The corolla (p. 108, fig. 18 1) 
forms a large funnel of a pure white colour giving out a sweet 
fragrance at night^fall. It is a moth^flower (see p. 125). 
The fruit is peculiar in having four chambers, solaoaceous 
fruits being usually two~celled. The Datura fruit is a 
capsule like that of the Tobacco, but it bursts into four 
valves (fig. 239). It is covered all over with prickles whiteh 
serve to protect the young fruit. The flattened seeds are 
highly poisonous. 

SOLANACUOTJS platitH are generally poisonous being rich iu alkaloids. 
The poisonous principle lies geneially in alkaloids. Thus, Datura seeds 
contain the deadly alkaloid datxjbinb ; Tobacco seeds, as well as 
every part of the plant, contain the toxic alkaloid NICOTINK ; the 
American Belladoua plant atbopine and so on. Even the Solanum 
plants contain a poisonous substance named solakinb. By long 
cultivation, however, most of the plants— those which form esculent 
vegetables —have lost their poisonous property — «.y., the Potato, the 
Brinjal, the Tomato (Bclati Begooi,—Lycopers(cum esculg/itum) and 
Tepari (the Cape Gooseberry — Physalis petuviana). The latter has a 
very peculiar fruit wliich is a berry enveloped by a thin papery bladder 
(accrescent calyx, p, 106 ). The Kantikari (Solanum xanthocarpum),--& 
prickly herb of waste lands, and the Aswagandha (Withania somntfira)^ 
a cultivated plant, arc used in Hindu medicine, the latter yielding the 
Aswagandha wine, 

ASCLEPIADACAE (The Akanda family). 

Distinguitbiog characters The plants are herbs or shrubs, often 
twiners, with milky ^uice . The Igaves are ent-ire, opposite, petiolatc 
and exBtipttlate. ““ ' - ^ 

Fhwgrs Begular, pentamerout, contorted in bud } 
the corolla bearinjgr a ^tgrewths 
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Sterna gyPBndropi ; ^lamepts unjtipg togftlier to foroi 

R hollow tube whicff: enoloifa the style ; polleo^grains are aggregated 
to form distitaot pollinia. (p. 118). 

Two, distioot or coherent below; stigmas forming a 
pentagonal shield-shaped structures to whioh the anthers arc adheient. 

abortion; con taining 

numerons oomose or hairy seedfir — 


AEANDA OB MADAB . — (Oalotropis giganiea). 

The i^nt is a shrub ami grows everywhere in tropical regions. The 
surface of the stem as well as of its leaves is covered with white waxy 
hairs and anatomically very rich in latex-containing glands. (P. 186 and 
hg. 276 d) The leaves are entire and opposite and remain green even 
in the hottet and driest parte of the year. The flowers of the plant 
are found clustered in umbellate inflorescence. The calyx consists of 
five connate inferior sepals, the corolla of five connate valvately lobed 
petals on which stands adnately the corona— a crown-shaped structure, 
(p. 107). POLLIKATION takes place with the help of flies (fly -flowers, 
p. 126), The pollinia is attached to sticky glands at the corner of the 
pentagonal stigma. Insects alighting on the broad stigma in search 
of nectar carry off several pollinia with their feet to another flower 
and thus brings about the fertilisation. The resulting fruit is a pair of 
follicles with numerous seeds which are provided with a tuft of * Coma' 
at the hilum— a suitable mechanism known asi parachute mechanism for 
their dispersion. (Fig. 233; p. 167). The plant is economically important 
for the immensely strong fibres obtained from its stem. Other plants 
are Cahtropis procera^ Pada-Akanda ; Stipfianotis flof'Smnda^ a large 
garden climber with handsome tloweis ; and the Anantamul or Indian 
Barsaparilla, H^miiksmus indiois^ a shruby twiner. 


CONVOLVULACEAE (Moming glory family). 

Distinguishing characters. — Twining herbs or shrubs 
with albernatei simple, exstipulatoi cordate leAVBS. 

Flowbkb large conspicuous, gamopetaloost hypogynous, 
hermaphroditOt with contorted aestiyation. 

Stamsnb five, epipetalous. 
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OvABY wparior, uinally two'cellad, wiMi two oVuIm in 
each oellf or 4‘celled with I avak k 6aeh oell. 

Fruit a capsule or berry. Seed exalbutninous, witA the 
embryo having crumpled green cotyledons. 

KALMI-SHAK -^(Ipomota reptun^)^ 

The plant is an aquatic annual herb with very kngi 
jointed, hollow, smooth stem floating on the Water, and 
alternate long-petioled, cordate, oblong or sagittate,^ entire, 
simple lbavks. Flowers arise in small three or six-flower* 
ed fascicles or umbels. They are large, of a beautiful rose 
colour. Caltx consists of flve sepals, united at the base tb 
form a short cup. Couolla largo, gamopetalous, bell^shaped 
with five lobes representing the petals. The Corolla'lobes 
are folded along the median' lines (representing midribs) 
and twisted in the bud (aestivation plaited-oontofted). 
Stamens five, epipetalous, free, alternating with the lobes of 
the corolla. Oynceoium of two carpels forming a superior 
ovary, a single style and two globose stigmas. Ovary two- 
celled with two ovules in each cell. Fruit a globose capsule. 

There arc several other IpomoMQS :->The Sweet Potato (Sakarkaad- 
aloo— Raaga-aloo~/pomo#a batatas) is a creepiog herb oaltivated on 
acooaat of its tube^us roots which store a large quantity of starch and 
<^agar. Jpomoaa bana-mtx tthe Moon flower) is an extensive twiner ; it 
has large white flowers which open at dusk and etsit a far«reaohing 
fragrance. Qu(moclti p&mata (Toru-lata) is a small annual twiner with 
much divideil leaves, the leaflets looking like long flattened needles. 

^ Tke flower has a fnnnel-shaped corolla of a brilliant red colour. 

The parasite Ousenta mentioned on pp. 25 and SUI Is another 
oonvolvulaoeoua plant. 


LABIATAE (Toolsi family)- 

Diatiragawhing cKatacten.— Herbs with square steins 
and simple opposite deenssate LViiVBS- 
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Flowers clustered in yertieillaaters. Flower irregular) 
bilabiate) gamopetalous, hermaphrodite) bypogynous* 

Sta&irns foul) didyoamouS) rarely diandrous. 

Ovary deeply fourdobed) 4-oelled, with 1 ovule in each 
cell) stigma bifid, style gynobaeio. 

Fruit of four dry aoheiies seated in a persistent calyx. 

Type I. THE TOOLSI (Ocimum sanctum). 

The plant is a small woody perennial herb with square 
stem and branches. Leaves simple, decussate, exstipulate, 
petiolate, elliptical with serrate margin. When crushed 
between the fingers the stems and loaves give out a character- 
istic odour. This is due to the presence of an ethereal 
OIL secreted by small glandular hairs scattered over the 
surface of the stems and leaves. 



Fig, 368. Flower of Labiatae, longitudinal section ; showing the 
fouT-lobed ovary (ov) with gynobasic style and bifid stigma (st). 

llie flowers form small cymes in the axils of the opposite 
leaves, the whorl being called a VBBTICILLAstbr (p. 86 ; 
^6g. 16l)» The separate cymes forming the whorl may be 
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iaakl)6d atid^their oymoae iiaktre ddtetminad. It will be louud 
that a central flower opens first: there are imidiy three 
pairs of such cymes. The verticillasters are in their turn 
arranged on an elongated stem and derelop aoropetally. 
Hence the whole inflorescal^ is a mixed one— it is a 
system of veittoillasters developed raoemosely. 

Each small flower is short-stalked* of a light purple 
colour; it is two^lipped* hypogynous and hermaphrodite. 
CALYX bilabiate! gamosepalous, with the upper lip cireular and 
the lower one fourpaited. corolla gamopetaloos» somewhat 
horiaontal, bilabiate» with the upper lip four-cleft* the lower 
one boat-shaped* entire* and curved downwards. STAMXH.S 
four, two short and two long* didynamous* bent down* lying 
in the boat-shaped lower lip' of the corolla, oynobciuh 
consisting of two carpels fused to form a superior syncarpous 
ovary, a single style, and^a biHd stigma. The ovary is 
surrounded at the base by a ring-shaped disc which secretes 
honey ; it is deeply fourlobed, the style springing from the 
base of the lobes (gynobasio, *fig, 363). FRUIT consists of 
four separate achenes, really mericarps* (p. H 5) lying in the 
cup-shaped persistent calyx ; they look like small seeds and 
have a hard outer wall. 



»4(a> 


Fig. 360. Yestlcillsster of Lablatw. 
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Other plants of the oixler are : the oommon weeds 
Hulkusha or Gbal^ghasa {Lmcas aspera)^ Babai Tools! 
(Vcimum basilicum), and several other species of Toolsi. 
The aromatio herb Pcdina, commonly used in making 
chutneysi is Mentha arvensis. Most Labiatm plants are 
inhabitants of cool climates and are important for the 
fragrant oil which they yield. Oil of Lavondar is obtained 
from Lavandula vet a ; oil of Pi per mint from Mentha piper ata^ 
Very closely allied to the Labialse is the order Verbenacear, the 
Teak family. It has irregular flowers but not in verticil lasters, 
didynamons or diandious Blamenp, 2-4 celled superior ovary and a 
terminal style. The Teak, tree [Ttetona grandis)^ well-known for its 
valuable timber, is a large forest tree with very large, deciduous, 
prominently-veineil, opposite leaves. The flowers are small but cluster- 
ed in large, white panicles which* give a very delightful appearance 
to the plant when in (lower (cold season). The flower is hexandrous 
and rather regular, a character not often shared by other verbinaceous 
plants. The calyx an<I corolla too have six segments or lobes. The 
ovary is four-lobcd and grows under cover of an enlarged, bladdery, 
persistent calyx into a 4-cellcd drupe with a heavy coating of hairs. 
The commonest verbinaceous plant is the weed ClerwUndtvn in- 
jbrtunatum mentioned on p. 130 for its characteristic pollination. 
Many plants of this order are small shrubs or herbs ; various species 
of Verbnna and Lantana arc ornamental garden herbs. The common 
plant Nishinda (Kflfex nigemdo) is a tall shrub with palmately 
compound (p. 6l) grey leaves, covered with a silvcMy down all over, 
which are esteemed as febrifuge and antiseptic in Hindu medicine. 

ACANTHACEAE (Bakasb family). 

Distinguishing characters Herbs and shrubs with 
simple, opposite, entire leavas and irregular bilabiate gamo* 
petalous flowers in bxactea^ The latter are very 

characteristic, for the bracts are often very prominent, and 
overlapping each other like the scales of flsh hide the young 
flowers before they are fully opened. 

Calyx, Corolla and Stamens as in Labiatm. 

Ovary BUperioV , of *2 carpels, 2rcell6d with m^ny ovu^e^ 
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attached to the placenta by long fiiniolesk Style terminali 
stigma 2-fid. 

Fbuit a 2-valved capsule often brusting with a sodde n 
j erk to scatter iM JeadsJddely. (p. 169). " 

Sbsds attached to hard hooked supports, usually exalbir 
minous. 


BAEASH (Adhatoda Vasica), 

The plant is a perennial shrub well-known for its immense 
use as a medicine for cold and cough. The lbavbs are 
large, entire, exstipulate and lanceolate. The infli>resoence 
is a bracteate spike. The flowers are sygomorphio, herma- 
phrodite with five sepals which are slightly connate at the 
base ; the petals also number five but form a bilabiate 
corolla by coalescence, tb^ upper lip being composed of 
two petals and the lower one of three ; the lobes remain 
twisted in the bud. The inner surface of the lower lip is 
marked with violet linings known as nectar-guides. The 
flowers are protaudrous and Pollination is effected with the 
aid of bees. The lower part of the corolla is a tube the 
upper part of which splits up into two lips. The lower lip 
is broad and forms the conspicuous part of the flower ; the 
upper lip is like a hood sheltering the bent didynamous 
stamens. Bees which pollinate these flowers sit on the lower 
lip, and as they push their body and tongue into the hollow of 
the corolla to reach the honey-secreting glands at the base 
of the ovary, the arching stamens come in contact with 
their back and load it with pollen-grains. The flowei's are 
protaudrous and consequently when the bee thus loaded 
visits an older flower, the bifid stigma also arching from 
under the hood of the upper lip, comes in contact with the 
pollen at the back of the insect and becomes pollinated 
(Bee flowers; See p. 126, figs. 220, 221). The fruit is 
a capsule* 



380 BOTAKt 

Tlia moftt e^imiiAon are the Sal-m^gii (4iidh;|in^^ 

ttteii as a lebrifo^ and liver^tonfc ; Kttle-kbara Spkostt} a 

apinoita tnareby betb very extensively need by Indian Kavira|bi w a 
remedy lor diarrhcea ; jeveral epeeiee of JkMfdd and RmlUa are oraa** 
mental gmden berbe. 

The order ie very cloeely allied to IMaMy but diHars from tbe 
latter by a celled nnlobed ovary, terminal style, many*seeded capsular 
froit and infiorescenoe in bracteate spikes. 

AMARANTACEAE (CockVeomb family). 

Diatingui^ing chaTacteia — Herbs with exstipulate, 
simple liEAVES. 

Flowers minute, soaly, dry, condensed in spikes or 
heads, regular, Jiypogy nous, hermaphrodite. 

Corolla absent, calyx scaly, coloured or scarious, persistent. 

Stamens five, free. 

Ovary superior, one-celled, with one or. more ovules. 

Fruit an utricle or a pyxis. 

Type I. THE OOCrS-COMB (Celosia cristata). 

The plant (fig. 149) is a hardy annual with alternate, 
simple, oxstipulate leaves which vary in size and slightly 
in shape at different parts. Flowers arise at the terminal 
part of the main axis, Cfv of tbe branches as well when present, 
in dense coloured spikes or heads which spread out fiat like 
a cockVeomb (CiRNANTBiUM, p. 85). The minute flowers 
are subtended by glistening scaly bracts. Perianth 
consists of five bard, membranous, white or coloured sepals. 

7 here are no petals. Stamens five, opposite to the sepals, 
free for the most part except at tbe base where the five filar 
ments are connected by a dry membranous tube. GyncbciUm 
consists of a single superior spherical ovaryi a single central 
style, and a roundish capitate stigma. Ovary one-oelled 
with 2 or more ovules, maturing into a thin, dry, shining 
pyxis (p. 143) which breaks up when ripe into two oup"shaped 
parts. Seepb indefinite, minute, black, shining, smooth. 



AyiAUAmAtmAk . m 

Trre. n..NATYA-SHAK Umtmmiml 
^Tliet^ iuftt ievftral kiods of tho K»t]r«;tkak. Tie Kaota* 
H^ityn spimfm) i« an erao^ raioous animal w^b 

abarp tborna in the axila of t|ie leatee.^ The cultivated Natya 
BMpm o{#rom)> the species most oommonly iised, has 
tiotbotnii and differs also from the last in shaving three' instead 
of five stamens* The Lahiatya (J. gangeHcw) is like the last* 
These anfmid differ from the CocWs-comb in 

beink unisexual. The minute sessile rt«0WBRs form eompaet 
terminal spikes or axillary glomerules (p. $8)* Baeh flower 
has a scaly bract and two lateral bi^oteoles. There is no 
corolla. Calyx consists of three small hard sepals* each 
terminating in a hard point in cultivated species, and of fi^e 
sepals in the Kanta^natya. Stambns five in the latter ^ 
and only three in the former. 

Ovary one-celled, with only 
one ovule. Fruit an utricle 
with a single seed. 

The order is not very 
welbdeflned as will appear 
from the above. The plants 
may, however, be at once 
recognised by the small, 
regular, scaly, bard flowers 
and coloured or otherwise 
shining calyx. The ovary 
is also distinctive, as well as 
the fruit, but the number of 
seeds vsries very much. 

The Amarantacece are 

mostly weedy herbs or BHiall Pig. 366, Tho Apsngj toibo 
shrubs. A very common weed the flower ; c, bracts ; b, 

of waste phoes is Apang, » ^9 stamewB. 

{ i>i<kgrMh£S aspkra fig. 366). The liuits bend down and 
remain :ad pressed to the axis of the spike ; they are easiljr 
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disperaed by roving animalB, for they have fine stiff-pointed 
sepals surrounding them which become easily attached ^ to 
the skin of animals. 

URTiCACEAE (Fig family). 

Trees, 'shrubs, or herbs generally with hard rough simple leaves and 
milky juice. Flowers minute, imperfect monoecious or dioecious, often 
forming dense inflorescences. Ovary superior, one-cel led with one ovule. 

This large order is usually divided into three sub-orders : — 

1. Maraceae, the Fig and Batiy an family. Trees or shrubs with 
large stipules which fall off very early, and milky juice ; ovule pendulous, 

2. Cannabinaceae, the Ganja family. Herbs without milky juice 
and persistent stipules ; ovule pendulous. 

3. Uriicaceae, the Bichui (Nettle) family. Herbs and shrubs 
without milky juice ; ovule erret. 

MORACEAE. 

This sub-order includes the various s^iecicR of Figs and Banyans, as 
well as the Jack and the Mulberry trees which are easily distinguislied 
by their milky latex and peculiar multiple fruits (p. 150). The leaves 
are rather rough, alternate and stipulate ; the stipules protect the young 
leaf-buds but fall off as soon as the bud unfolds (caducous). The 
inflorescence of Fig (fig. 160) is a hypauthodium (p. 811) ; likewise that 
of the Banyans. The flowers are unisexual and occur in the same inflo- 
rescence in the Fig and Banyans, indifferent spikes in the Jack, They 
are very minute. There is no corolla. The stamiuate flowers has only 
one or two stamens and four sepals. The pistillate flower has a tubular 
perianth, and an one-cclled superior ov-ary concainiug hut a single 
ovule with a bifid stigma. The ovary of the Fig and Banyans matures 
into a small hard seed-like achene ; of the Jack and Mulberry into a 
succulent berry. The fruiis, however, all unite to form a multiple fruit. 

The Fig plant is Ficus giomercta : the Indian Banyan is Ficus 
BsngalensiSi remaTkable for the large number of adventitious prop-roots 
(p, 21, fig. 31) which its branches produce ; the Sacred Banyan (Aswatha, 
Pi pul) is Ficus religidsa. The Jack tree is Artocarpus wtegii/bUti^ 
well-known for its huge nutritious fruits. The Mulberry tree, cultivated 
mainly for feeding siik-worms in sericulture, is Moms indica. 

Of the sub-order Urticaceac the commonest plant is the Lai Bichuti 
{Fisurya mtsrrupta)^ an erect annual weed with stinging hairs. 
The floweiTi are small and clustered in axillary or racemose cymes. 
The perianth consists bf four green scales, free from the superior 
o nestled ovary. 




Pi'tr. 367, Fkus Wa^/wa—The India-rubber plant, 
and small greeuisb-wliite llowers. The dried female plants constitute 
ganja ; charas so much smoked by the Chincso, is the resin exuiling 
from the leaves, stems and flowers of the plant. 


EUPHORBIACEIAE. (Ricinus family.) 

^ Distinguishing characters. — Trees, shrubs or herbs 
usually containing a milky or watery juice, 

Lkavbs usually simple, with small caducous or persis- 
tent stipules. 

Flowbk^ as a rule minute, unisexual, often surrounded 
by bracts, hypogynous. 

OoROiXA absent, calyx present or a\)seiit, insignificant. 
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Sf iiiifilis t^?iou8, f!t}m I to 

Carpki^ S» united. Otaet S^oelled with I or 2 uvults 
in e^ch cell. Stigma of 3 bifid branohea, 

Fbuit a capsule breaking into 3 indebiacent oooci« some- 
times cocci also dehiscing with force. 

This is a very large tropical family of plants distinguish- 
ed by their iuioe, small inconspicuous unisexual jlowers and 
superior 3-oelied fruit. The most common plant is the 
oastoroil plant (Bheranda or Rarhi^Atetnui ^mmunis) 
shown in fig. 368. This is a large tree-like herb with large 
alternate, peltate, palmately-lobed simple leaves O) and 
terminal panicles of unisexual flowers. The male or 
staminate flowers are on the lower part of the inflorescence, 
the female flowers are at the top (2). Each male flower 
contains 5 sepals and a copiously branched cluster of stamens 
(6). The female flower (3) oontains^the 3-celled ovai7 with 
3 large bifid stigma. The structure of the stamen and the 
stigma shows that the flowers are wind-pollinated. Each 
cell of the ovary contains a single ovule (4). The fruit is a 
capsule dehiscing with explosion so that the seed is scattered 
to a great distance. 

Other common plants are.— The Lai Bbarenda ifatropha gossyp^/bUa) 
and the Bag-Bharenda (Jatropha curcus) are common roi^'Side plants* 
The Coral plant {Jatropha mulitfida) is a gaiden plant with dicbotomoasly 
branched cymes of small .red flowets. The Tri.shir Monsa {EuphorUa 
anU^mm) is a common hedge plant with succulent leafiess thick 
3>angled stem armed with spines* The Monsa or Monsa-shij (Euphorbia 
nan/blia)f sacred to the goddess Monsa* is another fleshy plant with 
thick fleshy leavea Lal-pata (E^/^ih^bia pulcfwrrim(tt i4 another favourite 
garden plant with a circle of vermiilionTOOloured' bract-leaves at the ^ 
end of the twigs* The Crotons of the Gardens so much prised for their 
oolemred variegated leaves are species of Codioum variagatum. The hedge- 
plaUt Eang-obitra h fltdSanAiS iitfymahidas. The Lal-Bbiohuti (Thwm 
inmlpet^aia} is a stnaJi twiiiing or trailing herb covered ail over with 
stitqlfilllg hair^ which give a very painful sensation when rubbed over 

, y.i ^ ^ 

The 4itsder abounds In many economic plants cf the highest imper* 
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Imaoe, India Bitbitor txMsea {fimm Srxt^^sis and Mautkot Ci^ami) 
aire mobb oaltSvat^t for ylaid of Eabbav whioh is obiaiuod from 
^ milky joioo flowing frow moiiioiia made the barb. There are 



Fig, 368, The pastor«oll plant. 

many plants of medieiaal false, t uoh as the tfahta^flihri or Bwpet* 
Basanta (4aifKPto Mho) and file Ehirai (ftpAordiSf ^ winoli 

there are 4lffeiW varieties* . * ' , 

^^ 5 .' 



CHAPTER XXX 

MONOCOTYLEDONS. 

GRAMINACEAE— (Gimw family)* 

Diitinguishing characters*-— H bKbs (except the Bamboo) 
with ji^fited cylindrical stem* hollow internodes and alternate 
ligulate sheathing XiBAVBS. 

Flowers in spikelets with scaly glumes, very imperfect, 
inconspicuous, anemopbilous. 

Stamens usually three (or in some cases six) with large 
versatile anthers. 

Ovary superior, ono-celled, with a solitary ovule and 
crowned with two long feathery styles. 

Prttit a dry caryopsis with abundant starchy albumen. 

Type I. THE RICE PLANT {Oryta toixm). 

The plant is a herb with a slender erect stem, solid at 
the nodes and hollow in the internodes (culm, p. 34), 
which produces numerous fibrous roots from the lower 
nodes. Leaves solitary at each node which they encircle 
by their sheathing base split on one side, distichous (p. 72), 
simple. The blade is linear with parallel venation ; between 
the blade and the sheath is a membranous appendage, 
termed the LIGULE (p. 52) which prevents rain*water from 
running into the sheath and rotting the tender nodes. The 
epidermis is silicated and hence the blade gives a sharp out 
when sharply drawn through the fingersr 

Flowers arise in panioles. The lateral branches of the 
inflorescence are one-flowered spikelets ifig. 871). Each 
^Ipikelet has two minute outer bracts (G) subtending it 
two large inner bracts, called palejs (pt, Pa) one of 
wh^i is piov|ded with an awn (a). Enclosed by these 
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scaly bracts is tbe very i&«cb redsoed fieWcr. fbe pcrkntfa 
Imvcb ur« rapreseuted, by tvo mjntdas ^esby scales called 




Fig. 869. The Kioe plant. 



Fig. 870. Spike let of Grarai- 
naccae (diagjatninatic) ; g, glu- 
mes : P, P» the paleass ; s, stig- 
ma ; 1, lotiioulcs, a, anthei®. 


LODiGULBS. Stamens six with slender filaments and largo 
linear versatile anthers (a). Gynoecium consists of but a 
single carpel standing opposite the paless. The ovary is 
superior, rounded, small, oue-oellcd and contains but a single 
campylotropous ovule. There are two much branched 
FEATHERY STYLES. The FRUIT 18 the well- known grain ; the 
husks are the bracts, and the inner grain is the fruit (OAR- 
YOPSis). The pericarp is thin " and adhepiut t6 the still 
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'■ ^ ^ < '' 'hJ ^ ■ ‘ t. ^ [ 

thmn«r Iwfca wiiMn tifi m 

1 44| If S)* ^e<m#te8 pcM^tiob ia i^ 

Albnwu. ■ . i« . . ; , 

Tha bracts serve to pfodmot the flovei^f The lodicalcif.. 
wfaidi really represent the peilanthi stretch iatiBiy 

day and force opep the palea* The antheira come ontp 
dfscharite their pollen to be parried' by the '^end then 

fall )tway 4 After pollination (anemophiloixt, see % 2tit 
p 126) the lodioules shrink back, the bracts close again and 
protecst the ripening ovary* 

Type II. THE WHEAT (rnricttm eaft^ar#). 

The i^ant has very much the same vegetative obaracters 
as the last. The FLOWERS, however, are arranged in 
short, sessile, spikelets which are disposed racemosely on 
the main axis of the inflorescence making it a compound 



IJ^g. 37L Flower of 
Rios ri Pji pale»; o, 
glpmcf i A, anthers. 



Fig, 375. Parts of 
the flower of wh^aij 
O. glomes, P, palem 
ii, lodiooles j s, sta- 
mens; o, ovary with 
styles. 



Fig. 373. Floml dia- 
gram of Grass. Pf P* 
the outer and inner 
palm j 1, lodlool^s. 
The' ^ner whorl of 
stamens is not preseat. 


spike» Each spikelet is subtended by a pair of hwd dry 
^eSf^the glun|^, and bears three or four flowers (fig. d70)« 
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' {E^ tltif. Sf#f ©I'^liicli 

thci ikniir Iff i»aiffd^W it o^ti 

temtoiitffff iii a ^tp awn. II 16 tm iaiii|te Iffdtoitiefi (il) Wff 
iaaffit^ just bdtew the ovwf . There are ratai® 
wii^ laH(e verffatile ai^el^ iu j®e 

Id^ itee#: '‘' - ' 

The pla^ ef thisjprder^eve trailiJOg # rhiae* 

meuff s^niiB which ar]^';:^ solid. Tbe Bamho(^» for , 

iostaucffi have very kuoMe^ 

which is solid all through, (^ly "the smoo^) ci^lini3(t^oid 
aerial branohes have swollen solid nodes and boltlw 
internodes. In the 8U|:ar*oane and MaW the whole stem 
is uniformly solid. The aerial and underground bianclm 
arise liom the leaf-sheaths which they split open at>d grow 
up into flower-bearing branches. The Orasses are oopioodiy 
branchedi annual or perennial, trailing or prostrate plants 
which form small tufts or mat-like layers. 

The inflorescence which is very peculiar and distinctive 
of the order is a compound or paniculate spike. Bach spike* 
let (fig. 370) contains a few floweis each of whicli arises 
from the axil of a hard sthd "rough scaly bract termed palea* 
This flowering or fertile palca (pi ) is more or less boat- 
shaped and has its midrib drawn out into a long, pointed, 
sharp bristle termed the AWN. Nearer the flowefj above 
this outer palea and eneJosed by it, is anotjber ^ soale-like 
bract called the inner palea (p* ). The small spike itself \ 
subtended by two smaller non-flowering or sterile bracts call- 
ed OLUMES ( g)n They are aimed with short Wd bristles. 
The glumes serve to fasten the spijcclets of fruits to the body 
of graring animals and thus help dispersion. When the fruit 
falls on a soft soil the glumes stick fast to it and the long 
awn drives the graih into the earth. The awn is very 
hygroscopic and exeoutos peculiar twisting naovements as it 
absorbs fpoistare in wet weather bit* dries up ^ on a hot day, 
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In most oases the spikelet e^mistis two« tJiiree or Its 
flowers, and then its asrja joioM 

and breaks up into stort ami orap uboVe 

each fruit. \ 

The fiowey in this order is i^enerally 
sometimes unisexual (Maise),. hypogynoUs, ind" gr^tly 
reduced. There is no perianth but only two smfljl. globular 
. scales or lodicules to reprcMmi^r iSf. The purpose pf the 
periimth is served by the pi^» The lodicules help to open 
the dry scaly perianth when it is time for pollination. The 
flowers are generally triandrous, but the Rice plant and the 
Bamboo are bexandrous. The large linear anthers dangle 
in air and burst when warmed by the sun, so that the dis- 
charged pollen 16 wafted away by even the gentlest breese. 
The large feathery stigmas and styles catch the pollen-grains 
as they float away in the wind. The ovary is composed of 
one carpel and bears two large feathery stigmas. In the 
Maize there is only one long style ; the female flowers form a 
dense spike with styles drawn out into long filaments which 
together form a silky tassel hanging from the top of the 
spike. In some Bamboos there are three instead of the 
normal two styles. 


The fruit is the well-known grain oaryopsis (p. 144 ). 
It is full of starch. All the cereals, Rice {Oryta sdtiva), 
Maize mays), Wheat (TrUicvm vulgare), Barley (Job — 

^ Shrdeum h^astichtim), O&tB (jB\-~-Avena sativa) ptc,., afford 
valuable food for the abundant starch their grains contain. 


The Sagar^'Cane plant {$c^ekarum . etifkiincrum) is well-known 
for its sweet and juicy culm which is very rich in iaocharine matter. 
It is a tall perennial with a tuft of leaves, at the top, the lower leaves 
being ea^ly t^hed. In cultivation it is rarely allowed to flower, The 
^nal part is lopped ofi l)efore the flowering time, f or 6y this tn^ns 
^yleld Of iilgar is increased. The plant is I’eadoty propagated by 




LILIAOiAE . ; ^ Sit 

Tbe Blimboos bel<^g to ilie geima Bmhma* Thoj are a tribe of 
gigaotlo l^pkNil graaaes. Tbo flowers diller from tbe grasees in baTing 
ail iflignie^ aiid^bee lodi^^ 

tiM QM^ me^ oommoil afld iseB^loiown la ^ 

the thciykm) need In Hindn Woiifliip* 

is aaoi^ 'mtj i^mon weed. It haea peoaliar infloremnoe« four 
or oot ombrella-fasbioii from the apei of a aoape ; 

when tb<^ form a Vertical cylinder. Bach tpi)^ oontaini 

numeroiie awited flowers on the lower aide. Some of the graases are 
aromaf fo herba and for this reason are highly prised aa pot planta. 
The Lemon^raaa and the £Choe<lchna belong to the genua An&opojgm* 
The oommojn fleld^weed Chor-kanth ia Andn^^egcn ^KkuliOus* The 
Kooah grass m Boa cyHOswr(ddas% while the reed Nani ia PkmiWilS^ karka* 

'■a 

CYPERACEiE (The Sedge (ami|y). u. 

These are grass like shrubs with sympodial rhisoing from which 
sabmrial stems are sent off. The stem is triangular and do not possess 
the swollen nodes nor the hollow internodes character istio of 
Graminaceae. It differs from the latter in having closed tabular 
leaf-sheatbs, no ligules, spiked, perfect or nnisemal flowers one in the 
axil of each of the glomaoeoas imbricated bracts destitute oi any 
envelopes, or with a tubular bract, or witb bypogypons bristles or scales 
in its place. They are usually monoeoioiu and hermaphrodite. The 
btamens are hypogynous and are osnally three in number of which one 
is anterior and two posterior. The anthers are basiflxed, bilocular and 
introrse. The pistil is typically trimeroas. There Is a single style 
brnnched at the a()cx and bearing two or three stigmas. The ovary 
is free, onc-celled and on'*^ ovaled— the ovule being anatropoas. The 
fruit is a kiml of nut, 

As regards polUnatiM the flowers come under the anemophilons Imily 
—cross-pollination being favoured by protogymy (see p. I2S r Fig, 222;, 
The most common plants are Mootha {Cyparus mtumdds) and Bladur ICati 
{Cyparusias^vO stems of which are used in the manufacture of mats. 

LlLt ACEAE (The lily femily). 

Oiitifictiva faaturos :--l«((The plants are genm'ally herbs or shnibs, 
Wi^flbrotM roots or a bnlb'^or eorm. l^ams large, often sucoulcnt, 
caiiflne and radical. J 

% FtaUmrs'. hermaphrodite, collect in an iiifloresoenoe of the 
rao«lmose lijrpe ; solitary flower# aHo met with; the flowers am. 
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aetinomorpbic save a few apecies are wiUM two petafoW 

perianth wborla. The bracts i^re imall, eearlohe oj*l|pitii9*liilctiu 

(0) SUtm^ns :— free, hyp 6 j;yiMms ; in two whOfWi 0< t^iwe Aih. ^ * 
(6) Qofpds 8| OQUiiate in a enp^or Salted owgr with % or peeve 
oenles la each oeU. ^ 

S. Pndt a capsule with locallcidaf dehisoenoe; the sMte are 
alhttioaSQoas : 


PIANJ (AUium Cttpa), 

The stem is found in the lom of an UDdergronad bulb from the 
lower surface of which arc giyan otf inautnerable fibrous roots. The bfiib 
is composed of a aumber of cpncentric overlapping kat^ or scales 
standiug oa a compact mass* From this compact mtiss within a scape 
is seat forth iato the air terminating in a cluster of flowers subtended 
by a Bcarious bract. (Fig. 41). The infiorescenee is umbellate and more 
or less bracteate. The flowers are regular, pedicellate, hermaphrodite 
and complete^ the perianth* consists of two petaloid whorls, the stamens 
as well are arranged in whorls of 3 each alternating with 3 carpels. 
The ovary is superior, tritocUlSr, each containing many ovules whose 
placentation is axile. The resulting limit is a capsule. The propagation 
of the plant, however, does not depend upon the germination of the 
seeds but takes place in the process as follows. The bulb becomes soft 
and shrinks with the growth of the plant and by the time Its 
contents are used up several new buds arise in the anils of the dead 
bcale-leaves ; under satisfactoiy conditions of environment these grow 
up into independent plants. Thus is it commonly pfopagated^ 

The most common plants are the GlarliC or Rasuu {AtUum sutmm) 
and AlUum tuberosum, cultivated for their edible bulbs ; Ulatobahdal 
iCtoriosa superba) which climbs by tendrils terminating "leaf ^blades (see 
Fig. 108) ; and Satamuli {A^aragus racemosus) which has fa^ioles of 
{nsilorin roots (fig. 84)« 

AMARYULfOACEAE. (The Amaryllis family). 

The diatingaiehiag^aracters of this order are the same ae those of 
liillaoess. It difitere the latter enly in having an inferior oyary. 

BAJANI^At^DHA XPot^^Us Mmms). 

^The plant is eultliWlld in our gardens lor its sweet^mdling beautiful 
flowers^ The stem ll a short undergronad Ipilb from tite upper eur^ 
liee, of which arise Iprge fleshy scale-kavee ovet^lapping eaUh ethpr 



mitmimm . m 

(iSae pluHtoti nHalAiiig Aendi l&oirlilL 

tt|to thtt «ttr which develop ianamerahle dot^ere tabular io ehape^ 

The ettootore o! ihe to were i$ very mheh^, |ifke thoee of £ixliae4;e 

exempt thet its ovATy is iaferior^ The plaot is odt largely 

hy meai^e Ol the seeda This Js done mostly hy the prooeasdeseri bed 

iiitder Lliiaeeaa/V 

I’iAnta AAcb^his order have got maeh eeoiu^® vaiaa Several 
ate eomaaonly eliaracteriaed by boiag emetiCg purgative and poisoiious. 
The 4^issisf ate exceedingly valuable plants having abundant inooeuous 
sadbitarine sap and large leaves containing excellent fibres. In the 
Eaja^i^gandba tvk^rasa) a garden plant, fiowers are on the 

soape which comes oat from the under-ground stem in the rainy season. 
The Bukha-darshan-Hly {Criaum l<0oUm\ Is a common garden herb 
wiUi fiowers streaked with red neotar^guides for securing pollination. 


SCITAMINEAE — (Banana (sumily). 


Distinguishing characters. — Pareonial herbs with large 
pionately* veined osavss and Jarge Sowers. 

Flowsks epigynouB, hermaphrodite* sygomorphie or 
asymmetrical. 

Stamsns greatly reduced* often petaloid. ^ 

OvART inferior* three-oelled, with many ovules on axile 
placenta. 

This large order is usually divided into three well-deSned 
8ub*ordcrs which differ mainly in the number of stj&nena 


present. 

MUSAOBAB CaNNAOBAB ZlNQlBBRACBAB 

(Banana fahiiiY) (Canna family) (Oinobu family) 
PlantaM.... Treo-like herbs Smaller herbs. ^ 


Flowers 


Stamens... 


In large cone-1 Ike 
spathaceous spike, 
Zygomorphic 
5 perfect 




In simpler spikes. 


Asymmetrical ^ Zygomorphie, 
Only 1 perfect and the vmt petaloid 


staminodes". 
Only 1 anther- 
lobe, perfecti 
the other Imll 
expanded and 
petidoid* 


Both anther- 
lobes perf^, 
style running 
between 


S5(a) 
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MUSACEAE 

THE BANANA {Must paraHtiaea), 

The plant is a very large tree-llke herb with an under-ground rhiaom- 
OU8 stem. The aerial shoot which appears to form the trunk of the 
tree is not really the stem but the leaf-bases tightly rolled up. In a 
very young plant there is no aerial stem at all, but about dowering time 
a white solid column may be witnessed in the centre of the false trunk ; 
this is the stem. It is really a scape (p. 31) which pushes its way tltfough 
the leaves, and, at the proper time, comes out of the cluster of foliage 
bearing the characteristic conical intioresoenoe, the * Banana flower. ’ 

Fig, 874. Fig. 376. Fig. 376. 




Fig. 371. The flower-conc o! Banana, 

Fig. 376. A Bpathe of same with its axillary row of flowers. 

« Fig. 376. A single flowei- ; i7o, the inferior ovary. 

The LBAVfis are very laige w'ith a very stout midrib from which the 
smaller veins run to the margin at right angles, Resistance to the wind 
is overcome by the lamina being split up into numerous thin parts, which 
make the leaf look and act like a pinnate leaf. The base of the leaf 
goes to form the trunk ; it is very long, boat-shaped and spongy in 
texture, being provided with very large air-cavities, 

FlewufS arise in dense spicate olusters (spadix, p. 84) which form the 
well-known flower-cone. They are arranged in two rows in the axils of 
large, hhainsbaped, leathery bracts called crimson and smooth on 
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the int^idc and dull iud grooved on the onteide. The epatbee opeti grade- 
alJjp from the bale to the apexi but fall off icon lifter lertiliiatioU. In 
a youi^ Inflorescence they overlap and partially enclose each other. 

The pgrfanA is a five-toothed irregular tube with a slit running down 
its lido (flg. 876). Before this slit stands another free petal. The 
tubular perianth is really ccmiposed of three petaloid sepals and only 
two out of three petals, the third petal being the free one. Stamsns 
only five, standing More the flve teeth of the peTianth-tnbe ; the sixth 
stamen is abortive. Flowers which open first, tboSe which lie towards 
tfao base of the spike« contain sterile stamens bnt have fertile pistils 
which produce the fruits. Those occupying the middle portion the 
spike are in function and structare hermaphrodite; while those which 
lie towards the apex have their stamens only fertile, the pistils being 
sterile. Hence fruits are proiiuced only at the base and the middle 
portion of the spike, the bracts and lowers at the apex falling off 
without fructifying. Ovary inferior, three-celled, with numerous ovules 
attached to an axile placenta. Style simple, stigma six-lobed. Fruit 
is an oblong berry. » 

Pollination takes place with the help of bees and other insects. 
Honey is secreted at the base of the flowers which are rendered attractive 
by the scarlet ooloui of the hood-like spathes. The six-lobed stigma is 
glutinous and pollen easily adheres to the stigmatic lobes. Inter-cros- 
sing is secured by the gradual opening of the bracts and their axillary 
flowers, and also by the contrivance of developing sterile stamens in the 
hermaphrodite flowers. 

With the production of the fruit the giowtb of the plant ends. It 
then gradually withers and fresh plants are produced from buds on the 
underground stem/ The seeds are not properly developed in those 
Bananas which are the more esteemed. This is due to artificial selective 
cultivation. Wild plantains, however, produce seeds as usual. 

CANNACE^ 

The Caiina (Sarbajaya) is a garden annual cultivated for its beautiful 
variegated flowers. It is a small herb with an underground rhizomons 
stem and comparatively large, {Etiolate, prominently-veined leaves. 
Flowers are arranged in pairs on a long spike. The flower is asym- 
metrical (fig. 377). The ec^x is composed of three small coloured sepals. 
The oordla is represented by three narrow petals which stand outside 
the inner large petal-like eonspicnously, coloured leaves. These are the 
petaloid stamens the anthers of which do not develop* One of these 



ttwinodil^ m iikef m oalledi lifts fta cme^oall«d bftlf ^wikj 

its e(%e, tlaft 4)tlier is transformed into tl^ fiat petal 4i]Eie,ftU act 
Just ill |^;^t o! tliis fertile stamen is a enr^ed hfgbl^ Ooloiirjiil and 
stfeft3ie^ staminode called the IcbtIRum (fig* 377), Tht style and stigma 
are represented by a narrow short flattened stmctnra 1%e ovary Is 
in^rior being marked on the outside by small spinotts process* ft is 
tbr^h^celkd and contains numerous ovnles in eaoh oelU The fruit is a 
capsple bursting into three valves. 

To the Zmgibaracaae belong the Ginger plant ciWmM, 

Turmeric {Hnldi— Cnrcumc longa)^ Cardamon (Slacbi—Hamim Ccrdh- 
momm) snd several other spices, as well as a few attractive pot herbs 
chief of which are the Bhoi-cbampa (Bhumi>champaka~-J^Ofiffp>Ms 
rotunda) ftnd the Dolon champa (Hansraj— ooronofdtm). 

The ginger plant is a small herb with a creeping jointed 



Fig. 377. Flower of CUnna ; C, 0, the three large staminodes ; g, 
the labelloD, above it is the fertile ftamen which is partly expanded ; 
F, the corolla ; d, the calyx ; c, the inferior ovary. 

fleshy rhiaome which constitutes the ginger of commerce, large herba* 
ceous leaves, and spicate flowers home on long scapes. The perianth 
is tubular, six lobed, mad surrounds six staminodial fl laments which 
repreiteiitl^stammis* There is but one fertile stamen with its 3 anthers 
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leftvSnK » graot6%i tlie middle tlifoiigh vrbkfa itme filifom style 
endiitg lia a tgimei^baped stigma 4 Uid aa ibteier t^leottlar eyary with 
aumerooe ovates. Oj^posite the stamen there is a laige petaMike lip, 
violet in eolnnr, known as the IdMlum, 

The Bboi-ehamp (Kttrnpfym totimda) ie an elegant plant highly 
prized for the beauty and fragranoe ot4ts flowers^ It is a small 
stemless heib with attractive rosettee of large radical leaves, and very 
short scapes hearing from four to six sessile flowers. The flower is layge, 
pure white, deliciously fragrant, obliquely funnehsbaped, variously 
coloured in the inside. There are several staminodial filaments on one 
* of which there is a liner anther. The stigma is peculisfly funnel-shaped 
and is borne upon a filiform style. Both this plant and the Bolorchampa 
(Hansa-raj — Hetfycknim c&roncrium) flower before or during the rains. 
The latter plant has unlike the above an erect stem and sessile 
lanceolate leaves in two ranks on opposite sides of the stem. Tfle 
large, pure white, strongly fragrant floweiv have long slender tube and 
an expanding three-parted border, obliquely irregular. There are two 
short fleshy nectarial staminodes ^ai the base of the slender style 
which terminates in a large hairy perforated, glandular stigma. It 
constitutes one of the most charming indoor pot plants during the 
rainy season. 


PALMACEAE (Palm family). 

" Dutinguishing characters.— Trees or woody climbers with unbran- 
ched stem (CAT7DBX). 

Leaves very large, pinnalely or palnoalely divided. 

KtowBBS regular, small, trimerous, bypogynous, aggregated in 
profusely branched inflorescences, with several large boat-shaped spathes. 

Stameks six. OVABY superior, usually three-celled. 

Fbuit a drupe with a tough flbrous pericarp. 

The Palms of which the most common are the Cocoanut Palm 
{Cocos midfeya\ the Palmyra Palm (Toddy V&lm'-’ Borassus 
jbrm^t the Betel-nut Palm {Areca catechu) aUd the Date Palm tPhmuix 
dactylifera) are characterised by their long slender unbranched stem 
and huge massive leaves forming a crown at the top. The surlaoe of 
the stem is marked with horizontal scars left by thS fallen leaves, the 
older and lower scare appearing to encircle the whole steiU. There is 
only a single terminal bud which continues the growth and if this is 
destroyed, by lightning, say, the whole plant dies. The leaves axe 
the largest in the vegetable kingdom } they have a l4rge pinnately Ur 
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divided lamimi and a maBsiv^ ehannelled'^tiole with a lai^ 
ehrathing base. The xnPLORfiflcaa^CB is generally axillary and hangs 
down from the axil of leaves. It consists of lat*^ branched spikes 
studded with inumerable small flowers protected by large boat^shaped 
membranous spathea In some oases, as in the Talipot or Fan Falm 
iCcrypfia yxbracutfftra) the inflorescence is terminal^ coming out from 
the terminal or apical bud when the plant is some twenty or twenty<five 
years of age, and then the plant dies after flowering and fruiting. 
The number of flowers in an infloi*eficence is some times surpassingly 
large ; the Date Palm, it is said, may bear 12,000 flowers at a time and 
in certain Brazilian Pa'ms the number is computed to be somewhere 
near 600,000 in one plant 1 

The flowers are BmaH, greenish or yellowish in colour and often 
though not always unisexual. The perianth consists typically of six dry 
segments, hypogynous, and regular. Both the male and female flowers 
lie on the same plant, but the Palmyra Palm is dioacions. Stamens 
generally six. The gynaecium consists of three carpels fused to form a 
superior syncarpous, three-oellcd ovary with a single ovule in each cell. 
The fruit of the Palmyra (Tal) has three large stones. In other Palms, 
however, two out of the three cells are abortive and only one cell with a 
single ovule matures into a fibrous drupe. The fruit varies very widely. 
That of tlie Cocoa-nut, the Betel-nut, and many other Palms is a fibrous 
drupe (p. 147). The Date fruit is like a berry (p. 147). The typical 
tri-carpellary character is preserved in the fruit of the Palmyra Palm. 
The seed is albuminous, containing a minute embryo embedded in a 
copious oily endosperm. 

Other plants are.— I. The Sago Palm {Catyota urens), indigenous to 
the Malabar coast, has the largest leaves of all Palms. Sago is a kind 
of starchy matter stored in the soft parenchyma of the stem. 2. The 
Cane Palms (Calamus roiang) are elegant climbers which cling to sup- 
ports by means of hooked prickles or long spreading leaves which permit 
the plant to grow to enormous lengths, running right up to the tree-tops 
of dense forests they grbw in. The cane is very smooth on account of 
the exudation of w^ax and mineral matters, chiefly silica, and is largely 
used in the manufacture of useful articles of furniture. 



CHAPTER XXXL 

GYMNOSPERMIA 

The Gymnosperms differ from the Atigioaperms in 
heving their seeds exposed or naked ; they are haked'seeded 
plants. The carpel of the Angiosperms forms a closed cavity, 
called the ovary, within which the ovules develops The carpel 
of the Gymnosperm is often greatly reduced and scaly and Is 
never closed, so that the ovules are exposed.^ A fniit^oase or 
pericarp, consequently, is wanting in the Gymnosperms. ^ 
Fig. 378. Fig. 379. 



Gymospermaos fruits. 

Fig. 378. Pino Cone. Fig. 379, Top — a gtobular cone ; bottom 
— single ovules enveloped in an aril during ripening, so that they looh 
like a berry. 

The flowers are extremly reduced, and are all uni- 
sexual and generally monoecious. The carpels alone form 
the female flower and the stamens alone the male. Floral 
envelopes are, as a rule, absent. They are all wind*poIlinated. 
The pollen-grains are produced in large nqmbers in two or 
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at sc^ ^tmind Tbaj^ 

atr4 #iagB ^ air^saoi irbiob ^ 

make tl^m axtreibaly iiirbt and ihtia kal{^ th^if diapamioo 

% the wind. ^ 

Hie female flowers form the qbaraoteidatb conw* |t 
: cqmMtM of an elongated axis on srhieh the cari^Meaves in:^ 
i^irally arranged* in the Pines, the most important class 
^0i Qymnosperms, each scaly carpel bears tiro ovules at the 
base ; they mature into winged seeds which are dispersed by 
the wind* 

Fertilisation in Gymnosperms differs from that in 
Angiosperms (p. 318). As there is no ovary and stigma 
the pollen-grains germinate direqtly on the micropyle of 
the ovule. While the pollen-grains are being sbed, the sctdes 
of the female cone (fig. 378) separate slightly and the mouth 
of the ovules becomes sticky. As the wind blows the 
pollen-grains over the female cone, they readily adhere to 
the micropyle and then germinate* The outer wall of a 
germinating pollen is ruptured and , a short polleu’^tube is 
produced. This is composed of a few celh, from 2 to 4, 
of which one is the large cell of the pollen tube in which 
floats another ceil called the antheridial mother-cell. This 
later on divides into two male sexual cells called the 
generative cells. The generative cells are walled cells, 
not naked like the generative imolei of Angiosperms (of. 

The ovule has a nttoellus and single coat. Inside 
I the ovule a single large cell, called the embryo-sac, is first 
I hp led as in the Angiosperm. This booomes^g iwdugl i y " ’ fitt e d 
; up my a multicellolar tissue by the.,.jwpeated division of its 
nucleus land protoplasm. This tissue is the endosperm ; 
it contains nutritive substances for the nourishment of the 
youbg embiyo, and growf at the expense of the tissue of the 
i^o^lus outside the enlarged embryo^sao. At the top or 
I tbsl mycropylhr end of this tietuo (endospew) are formed 
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gBH&n^jr Wo archegoQiar each ooiie^iog of a large ova^ 
and a iliort nook of eeveral small celts. The arehegootatn 
oorrespotids fco tihe ligg^a^aratas of £he Asgiospar m. The 
ovum is the sexual oellp aad instead of the 2 

synergidae eells» a row of neek'oeQs is formed. Fertilisatioa 
takes pWa by the fusion of one generatiire oell of 
the pdUenHiube with the ovum after the poUen^be has^ 
pierced the timue of the"^ nuoellus and penetrated through 
the« neck^lk of the arobegooium. The phenomenon of 
the pollen-tube moving towards the ovum is an instance 
of chsmc^reptm (p. 324). The fertilised ovnm then rapidly 
forma tiie auspensorj the pro-embryo an4 finally ^e embryo 
(of. p. 320). The number of cotyledons varies from 2 to 7. 

The endosperm of the seed is the nutritive tissue storing 
food matter for the embryo. « It is formed hefort fertiiisaticni 
not after t as in A^mo$perm$, 

CONIFERAE. 

The most important natural order of the Gymnosperms is 
the . Coniferas or the Pine famflyi so called from its peculiar 
cone-like frnitj* Like most Dioota the Cooiferm are large, 
muoh-branohed trees with the stem and root growing 
continually in thickness. The bundles are open and arranged 
in a ring as in Dicots. The xylem or wood, however, 
consists entirely of large bordered pitted tracheidesy ^tme 
vessels are not formed ; neither are companion-cells formed 
along with sieve-tubef of the phloem. plants are hi^^ly 
resinous, the resin being collected in long reain-duots. 
Turpentine is produced from the resin which easily flows 
from wounds reaching the wood. The plants are natives of 
hilly traots but some are cultivated in gardens on account 
of their tall, oooioal/ graceful form (^raucnHn) and the 
evergreen foliage (p. 68). 

The Pine iPmm$ loavi/eita) is a tall tree with whoried 
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branches forming a beautiful rounded head of light green 
foliage at the top. The oommon Khasia Pine or Sarabgach 
of the garden is Pinm Kkasyct, The leaves and branches 
are of two forpus: (l) the hng shoots which form the 
branches have small soalo’leaves from the axils of which 
arise (2) the dwarf shoots or smaller branches in whorls* 
bearing the long noedle-like leaves (fig. 131, p. 75), The 
dwarf shoots are arrested branohlets bonsisting of a very 


short axis covered with brown membranous sheathing 
scales which surround 2, 3, or 5 green leaves (3 in P. hngi- 
folia). The male flowers form deciduous catkins (fig. 380). 
The female flowers or cones are formed on separate branches. 
The cone or fruit (so called) is formed of the enlarged woody 



' Fig. 880. To the right]|a shoot 
of Pine showing the aoicular 
leaves and a female cone. To the 
left a .male flower containing 
nmneroils anthers. 


carpels which are spirally 
arranged on the axis and are 
more or less thickened at the 
apex. Seeds two at the base of 
each! carpel-scale, flat, with a 
large wing at one end which 
helps their dispersion by wind. 



Fig. 381, Transverse section of Pine 
leaf, e, thichened epidermis with cuticle; 
es, scJcrenohytna ; sp, stomata ; h, 
lesin passages ; g b, the stele enclosing 
two vascular bundles. The dark cone is 
the oblorophyllouB parenchyma of the 
mesophyll. 


CHAPTER XXXIl 

PTERIDOPHYTA 

The Piefi&q>hyUs are the moat highly developed Crypto- 
gams. They are called Vascular Cryptogems because they 
possess vascular tissue or bundles like the higher plants> but 
not tiue vessels (p. 2 11 ). Their xylem is composed of tra- 
cheides and wood-cells alone. They prtduoe true roots like 
the Phanerogams and their leaves also correspond in structure 
with those of Phanerogams, having a mesophyll and vascCilar 
bundles. 

The difference from higher plants lies in the fact that 
flowers and seeds are not produced in Pteridophytes. Multi- 
plication takes place by unicellular spores which are formed 
in special chambers called sporangia originating from the 
leaves. 1'he spore-producing leaves are called sporopkylls. 
The spores are formed in enormous quatitities, are dispersed 
by the wind, germinate on reaching a moist cool place, and 
in this way the plants multiply very rapidly. The most 
common and wide-spread amongst the Pteridophytes is the 
Ferns. 

The Ferns exhibit a wide range of forms, varying in size 
from the small herbaceous annuals commonly used as pot- 
herbs to gigantic Tree-Ferns 30 to 40 ft. in height which are 
common in Ceylon and in the hills. They have usually a 
simple or branched creeping rhizome trailing above or below 
the ground ; aerial woody stems appear only in the larger 
sorts, particularly in the Tree-p'erns. The stem dies off con- 
tinually at the lower end or becomes ligiiified and function- 
less. The rhizome is very stunted in form and is beset with 
a large number of brownish-black scales, termed ramifnta^ 
They serve to keep the rhizome moist by absorbing moisture. 
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A g«ii«ral i^araoterittio of Ferni i« largo «seot 
tbeirleatea wbioli are often bigbly eompoond (%. 882). 
Feni leavee are eottmonly known aa /rmAr. Tfaejr are 
rolled np when yoong in a eiroiunate f^hion (p- 68) ; the 
lower part of the petiole ia furnished like the stem with 
the ramenta. The older leaves dry up or rot away when 
they attain maturity. Unlike the leaves of dowering 
fdants those of the Ferns have a long-eontinued apical 
growth) and hence are sometimes very long. Tbey*^ are 
very commonly provided w'ith long petioles which appear 



Fig. 883. /tojc/w- 
(flim. The yonnger 
leaf' bods at the bot- 
tom are coiled like a 
dog^B tail. The large 
leaf BhowB the sporcd 
on the lower Burface 



Fig. 383. Leaf of Ptens* BI, the margin 
of the leaf infolded to form the false indasium 



Fig. 884, Fait of a leaf of AspkUuffi> S, a 
BoruB covered by a thin indnsium. 



Fig. 885. iTothal- 
linm of Fern with 
rhixoids and a yoong 
Fern plant developed 
from an embryo 
(KlO). 



to tpring in^ diwters iroinl»Spw tkc.ifrt^iid. bat virttaBy 
Irota tho aoflatground rhiwroe. Thp led-Utoina iw^ be 
simple imd ontire feat i« astmliy IwaJ^n up ptohutoly ^ 
many lobes or segments, or is pinnately eompouad. The 
upper Jed-Bogmonts are usually oooneoted witti spore- 
production, the lower ones having a strictly vegetatave 
function. The roots arise iu clusters from the under* 
giound stem and are strictly adventitious in origin, 
sometimes they break out from the fewer part of the 
erect mrial stem like the roots of Palms. ^ 

On the fewer surface of the leaf brown or black lines 
or spote aw noticed (fig. 3«55). These are the places where 



Fig. 886. 
upper part a 
indnsiam (i4> 


The Maiilen-hsir Vern—AduiOum 'eaOatm. At the 
leaflet showing the lower sarlaoe with the spores (8) and 


spores are formed in certain special sacs called eporangia. 
The spores are asexual reproductive bodiet which fall away 
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from the plant, are dispersed by the wind, and then comihg 
to a moist plaoe germinate to produce a thin plate of green 
leai-Uke body, called the prothallus or prothallium. A 
prothallium (iig. 385) when fully developed produces sexual 
cells which by uniting give rise to the fertilised ovum of 
the daughter plant. 

The Maiden-hair Fern (.Adiantum caudatum, fig. 386), a 
very common Fern growing everywhere on ruins of wall or 
in the crevices of moist rocks, may be taken as the type. The 
stem is a small creeping rhizome which nestles in creeks and 
crevices where there is moisture. The leaves arise in clusters. 
The petioles are long, very slender, brownish black, shiny 
and remain more or less hidden from view by the luxuriant 
abundance of light green foliage developed on them. The 
leaf is compound, leaflets small. The margin of the mature 
leaflets are slightly folded on the under surface (fig. 386, 1) 
under cover of which are developed ^he sporangia in groups 
called sori. The margin by thus bending over serves to 
protect the sorus and is termed a false indusium. The true 
indusium is a very thin membranous tissue which spreads 
over and protects a sorua in certain other Ferns, as in 
Aspidium (fig. 384. s), The sporangium (fig. 387) is a stalked 
capsular body with a short slender stem and a terminal 
swollen body, like a biconvex lens,— this is the capsule or the 
spore-sac. The capsule has a ring of marginal cells, strongly 
thickened and lignifiod, which appears brown or yellow and 
brings about its rupture when the atmosphere is dry. This can 
be seen very neatly if we heat a slide containing the sporangia, ‘ 
and mount it quickly for observation. The strong thickened 
yellowish ring appears to recoil and to straighten, scattering 
the spores by this means. The ring is termed the annulvs and 
is variously formed in the different species of Ferns. The tissue 
of the leaf from which the sporangia originate is like a soft 
cushion and forms the receptacle or the placenta (fig, 388, P), 
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la the Polffpodium (hg. 383) the iudusiam is very 

distinot and extends as a 
large but thin outgrowth 
of the The son also 
are clustered in patches, 
not in a line as in the 
Adicmtum. In Phris, a 
genus of Ferns very com- 
mon in this country, the 
linear leaflets have their 
margins folded back as in 
the jidiontum but here th^ 
whole leaf-margin is thus involved and the sporangiferous 
tissue is a continuous line (flg. 383.) 


Fig. 387. Section of leaf of 
the Maiden-hair Fern showing the 
itifolded margin forming the false 
iiulusium (1) and enclosing a sorus 
of sporangia ; o, the annulus. 


The sporangia are developed fi^om single epidermal cells some of 
which are sometimes (as in Pteris) not modified but left in the form of 
slender hairs. These are termed fasafhysbs. A sporangium has very 
generally a wall composed of but a single layer of cells. In a few cases, 
however, the sporangia develop from a group of leaf'Cells, both epider- 
mal and sub-epidermal, and are consequently of a rather bard texture.' 
Such sporangia have no annulus. The commoner Ferns ax's said to be 
LEFTOSFOBAKGIATB OH Bccount of the tnchomous nature of the spor- 
angia, while-others where the sporangia arc composed of many leaf- 
cells are said to be euspobaegiate. 


The spores have a cutinised outer wall which resists strongly the 
injurious action of moisture or heat. Uenec they retain their germina- 
ting power for a long time. On germination the bard outer wall 
bursts j the cell then divides, and by repeateil division a flat multicellu- 
lar structure or the protballium is formed (fig. 385). The prothallium 
is a flat green heart-shaped thalJus. It produces from the lower surface 
^numerous brown filamentous hair-like structures, called rhLzctdSf which 
sink in the moist sub-stratum and absorbs nourishment*. On this surface 
it develops the archegonia and anthendia as small protuberances. 


The arcKegonium, the female sexual organ, arises as a 
tiny flask-shaped body sunk in the tissue of the prothallus 
near its notch. Each archegoniom consists of two portions : 
the ventralj or swollen lower portion embedded in the 
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the female cell or oeapfaere ; and tlhe 
oi:, doogiKted upper portion ooosiata of aroirof ^diis 
"" w^bieli hlQ^tiKt at matu- 


ritgu. The :vaiitral 
portion oonsiata of 
the egst^ll or ootpker^ 
and Jb small ventral 
eanal*cell (see fig. 
tfiS). Tbist together 
irith another cell 
which remains sur 
rounded by the neck 
oella and is ealled « 



Fig. 388. Section of leaf of 
1. Indasium ; p, placenta ; a, anno las. 


the neck-oaual oelli becomes disorganised when the arobe- 
gonium is ripe, and the disorganised matter then comes out 
of the neck left open by its bursting. This matter becomes 
mucilaginous by absorbing water and contains a small 
percentage of maltc add which directs the moveme^ of jtbe 
spermatozoidsj the male ccUb» towards the oospbere (p. 325). 


The andieridium, which is developed before the arche* 
gonium, is a spherical body with a wall of one layer of cells 
which like the prothallium-cells are provided with chloro* 
plasts (cf. fig. 394). The inside is filled with a large number 
of small cells* the spermatosoid mother-cells or sf>ermatocyt€s, 
each of which gives rise to a motile apermatozoid. The 
latter is a coiled body with one end considerably enlarged, 
and the other rather tapering and beset with numcreti.; ciiia 
which lash in water and impart a sori of gyratory motion to 
the male cell. The movement is regi|lated by the malic acid 
which is diffused in the neighbourhood of the archegonium. 
Passing through the open oanal of the latter a spermatozoid 
fuses with the ensphere and thus fertilisation is brought 
about. The fertilised egg-cell or o^spm, by a process of 
repined division, gives rise to the embryo from which the 


ALTERATION QJ OENRATIPNS 

Eem plant ^ developed ffig. 986X‘ The prothallium at first : 
aappUee the young embryo with food but it eventually dries 
up and the young Fern plant produces its own^oot which 
absorbs nourishment from the soil and thus makes ilr ‘ 
inde^iident* ^ 

alternation or generationb. 

U will be noticed tbat in the life history of the Fern there are really 
titro. phases to be considered. The Fern plant prodnces only astntnal 
cells, the spores, bat these spores oinnot produce another Fern withcat 
lirst developing into a prothalliam. The reproduction of the Fern 
plant takes place in two different staees or generations. In one genera** 
tion only spores are produced— this is called the asexual or the Sporo- 
pbyte generation. The Fern plant is the sporophyte or the spose- 
producing plant. In the next generation the spore produces a proi^al* 
Hum on which the sexual organs are developed ---thiB is called the 
sexual or gametopbyte generation. The prothalliam is the gametophyte, 
or the gametes- producing plant. Thus in the life-cycle of the Fern 
there is a regular alternation of a spore- producing with a gamete-pro- 
ducing generation. Starting with the spore a tiny thallus is produced 
from the spore ; this is an independent plant having its own rhisoids 
for absorbing nutriment from the soil and chloroplasts to prepare its 
own food. On the under side of this plant (prothallus) are next pro- 
duced the sexual organs, aulheridia and archegonia, containing malh 
sexual organs, the spertnatozoids, and the female cell, the ovum or egg- 
cell respectively. After the union of these sexual cells an embryo is 
produced which while it is young derives nourishment from the prothal- 
luB but grows up gradually into an independent Fern plant. From the 
formation of the' prOthallium to the development of the sexual eelJs 
get the sexual stage in the life-history of the Fern ; from the formation 
of the embryo to its development into the well-differentiated spore-pro- 
ducing Fern plant we got the asexual stage. The life-cycle Is complete 
when both stages have been passed ; then and not till then, is the plant 
visibly reproduced. 

The phenomenou of the life-history of a plant being closed in two 
stages is not manifested by the Ferns alone. Excepting the lower 
Thallophytes all plants (Ferns, Mosses, and Phanerogams) s^diibit a 
regular alternation of a sexual with an asexual generation in their 
life-history. In Ferns as well as in Mosses the alternation is perfectly 
clear, for the sporophyte and the gametophyte are both oonspietioua 
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tbe pbllfin^graln and tha embrjro«iiac are the ;tpa«a% Tljtf 44«f&«»ae 
ffooi Fenu lies in tbe laot ^bat in Fensa gim 


prl»^aoes spores ; there is no distillation between tiie of^dli#y gre^ ; 
leaf and a sporo^bjlli while in Fbanen^ams the sp^pIsyUS asa 
metamorpboM into speeial stmetbres, the statneas {andropbjrlls) and 
earpels (oarpopbylls). Farther, the Ferns are AoiiiaiF^ivii4fj; th^ pro- 
da^ onl:^ ^ bind of spore. Higher pUnts are AKww^nMvn They 
prodade two kinds of spores : mierospores or pollen-graint and a 
macrospore, called the embr^o-saci inside tbe ovule. 


Tbe gametophytio generation which in Ferns starts with tbe 
germination of the spore on the ground is very much reduced in 
Phanerogams. Pollen-grains, the male or micro-spores, nnlike 
Fern-spores, can not germinate in the ground but only on a suitable 
stigma. The macrospore, the embryo-sac, is never detached from the 
t>arent sporophyte, like the Fern-spore, hut remains attached to it. As 
regards the formation of the protballns, it is never an independent body 
in Phanerogams and is extremely reduced. The polten-tubo is the male 
protballium ; it consists of only two or three cells in tbe Conifers 
(Cymnosperms), and produces not spermatoaoids but male cells, the 
generative cells. The reduction in the male prothallium is greater still in 
Bioots and Monocots for the pollen- tube In these plants is mfcs/kifirr ; 
it consists of a single cell, the pollen tube, and three nuclei of 
which one Is tbe nucleus of tbe pollen tube and the other two are the 
male generative nuclei. The Gymnospermons macrospore, tbe embryo- 
sao develops a multicellular endosperm ; this is tbe female prothallium. 
In it are produced the archegonia. The archegonium consists of a large 
egg-oelLand a few small neck-cells. In Angiosperms, however, the 
embryo-sac is always unicellular and remains so until fertilisation ; 
nor is there any arohegoninm. , The greatly reduced protbaUinni here is 
leprcsented by the antipodal odls, bnt these cells are not walled oeUs 
as. in a tiue protballium: they are mere nuelea^ plasmas. The 
egg-apparatuBv of the ovule, represents the very much reduced arche- 
goninm; the syaergidm represent the neck or ventral edls. The 
endoeperm is formed after fertilisation, not before as in Gynmosperms 
this Is because the endosperm is a protballium in the latter, whUe in 
Ai^fio^^^ras it is the result ol fertilisation* The Idlowiug scheme 
eisahles us to oompijiie the aUemation of g^erations In the lifs-histcwy 
ol toe iTmm and Phanerogams. 
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There i« eometimee a departure from the Ordineary mocte of Sfxaal 
reproduction* The female organs are not developed, and the prothalliom 
itself produces the sporopbyte purely in a vegetative manner* This 
sort ot asexual reproduction goes by the name of opogaw^^ and is 
very common in the cultivated Ferns. Similarly in ram cases a 
protballus may arise from the tissue of the leaf without the intervention 
of spores. This is known as epospory. 

Anatomy of Ferns. — Fig. 389 shows a cross-section of a 
Fern, rhi some. The epidermis forms a finn thick layer of 
dark brown cells. The ramenta are outgrowths of this layer. 
Below it lies a thick ring of sclereiichyma the cells of which 
are very thick-walled and brown. Inside this, scattered in 
the ground-tissue, are a few small bundles— these are the 
leaf-traces which here and there unite in the margins. In 



Fig. 389. Transverse section of a Fern rhizome. H, the sclcVencby- 
matouB hypodorraa ; I, ring of foliar bundles ; S, sclerenchyma ; F, 
ground tissue, 

the central part of the ground tissue are a few larger 
bundles which are cauline and not leaf-traces. These are 
separated by plates of sclerenchyma. The bundles in fact 
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form A mote or leas cylindrical net- work from vhiok' emell 
leaf'tracea pass out to the leayea. 

The bundle differs from that of higher plants in being 
GoncentriC) t.e., xylem and phloem do not lie side by side but 
the phloem entirely surrounds the xylem which lies in the 
centre of each bundle (fig. 390). Each bundle is a solid 
conducting strandi there is no pith. The centre is occupied 
by certain large cells which are scalariform trdcheides (p. 
184, fig. 276, E) — this is the metaxylem. At the two sidos 
of this are the smaller elements of the proto-xylem consisting 
of spiral iracheides, Associated with the tracheides is a 
layer of wood-cells. 

The xylem is surrounded by the phloem. These consist 
of largo sieve-tubes with thin- walled parenchyma. There are 
no companion cells. Outside this is a thin layer of small 
sieve-tubes— this is the proto-phloem. The whole is sur 
rounded by a layer of pericyole. Each bundle is limited by 



Fig, 3<»0. A Bundle of Fern highly magnified. F. ground tissue *, 
X, xylem tracheides surrounded by wuod-cells ; Ph, phloem ring ; e, 
eudodermis or bundle-sheath ; Px, protoxylem, 

one or more layers of the cortex lying outside the pericycle. 
This is the bundle-sheath which contains starch and presents 




■IH ^ JKJTAUir * 

of an 

no seciondaTy growtii« " 

In .Fern too! there ft a eenind Boliji pitlu 

There are two rays of scylem bat it ia aurroanded the 
phloenii the pericycle^ and a thick endodermia ; the out^ 
cortex ia paren^tymatona* bat ioerarda it aoon becomea lignr 
fied and hard. " \ 

In the petiole there ia one or more bundles which often 
fuae to form a wide horae-ahoe ahaped atruoture in croat^eo** 
tioii. *The detnenta are the aame aa deacribed above. The 
bundle, however, dividea Into many parta in the lamina, 
and the ultimate branches are not quite concentric but have 
their xylem turned towarda the uppef surface of the leal and 
the phloem toirarda the lower surface, aa in typical dorai^ 
ventral leavea. 



CHAPTER XXXlll 

BRYOPHYTA 

Thd Brsropliytee^ t<^9tlier with the Thallophytos mw 
0 »lle& planis m they are made up of simple oalie. 

They do not possess any resselfi or such highly differentiated 
tissues as xylem, phloem, sclerenohyma, eto.» tmd lAis 
respect differ from the Pteridophytes and Phanerogams 
which are called Vascular plants. The Bryophyta itmludes 
two olasi^s of plants: the Liverworts (Ssputkeas), and the 
Mosses (nfusei). The vegetative body of a liverworl is 
generally an undifferentiated thallus 3^1), while timt 
of a Moss is a eormus, i.#.>^a differentiated shoot with stem 
and leaves. There are no true roots but tiiin threadlike 
filamentous structures, called rkiscids, are produeed whioh 
function as toots. 

Keproduotion takes place, as in Pteridophytes, asexoatly 
by spores and sexually by spermatoaoids and egg'-oells, the 
two latter uniting to produce the germ or the oospore. Both 
Pteridophytes and the Bryopbytes produce their sexual cells 
in Antheridia and Arch*gonia and hence are together referred 
to as the Anhegoniatas. A regular alternation of generations 
between the sporophyte and gametophyte also ffhaiaotsfises 
the Bryopbytes. 

(Fig. 3»l) may he taken ^as a ty^ o£ the Liverwort*. 
The plant grow* extensively in cool and moist hilly piseei, forikiing 
dirty green patclies on the groum]. The vegetative body i* a fiat^lobrd 
thalltt* which remainB attached to the gronnd by means of thin nniceUfi* 
larrhisoids. The upper surface shows many cop-shaped depressiona 
each ei whioh contains a number of green, fiat, hisonit-shap^ bodies 
called gammsa. these are special kinds of buds whioh are detached 
from the thallus and ^Jstmlnate independently to give rise to new plants, 
thus securing a very ra|^id vegetative mnltiplicsitioii, The sexual ofgans 
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antberidia and archegonia, are borne on erect branches which spring 
f^om the thaUns. The terminal portion of these branches expands into a 
nittch<*branched head in which the antheridia and archegonia ate deve^ 
loped in small flask'^haped depressions. The stmeture of these sexual^ 
organs correspoiula to that described below in connection with Hosa. 

Fig, 31)2, 










:V:f 






Awrtwofffta— A, thallus ; B, A Moss— A, the 
capsule ejecting spores ; C, sporea ' with a canRulfi • B a 

At the top of the stalks arising ^ ^ ^ ^ capsule , B, a 

from the thallus arc archegonia J sporogonium with 

and antheridla. oalyptra. 

MUSCI--MOSSES. 

The Mosses live in dense colonies forming beanf^iful 
green carpets on moist rocks^ on moist shady ground or 
\ynjla, Iifd even on the moist bark of trees, The body gt 
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ft plftQt eoiwtsts ol ft short tlwdftr atam wMdi ^aaftfa 

sloftly ftt its lover end ftftd grows oontiQuudlr^ ftt its 
leafy extromitgr (fig. 392); Thore are. ho tros' roots fhit 
the lowtf end iof the stem gives ofl. nainerocM ideoder hrdvlrn 
multioellalar rhiMoiis which penetrate the soil ftod aot like 
root-hairs (fig. 7). The upper ered; stera is beset With 
naiiie|:*(ius small groen spiralfy armnged leaves. The olas- 
tered hftldt df the plaiits enables them to retain raia-vater 
or dev lor a long time and the delicate' leaves iveadap|ed 
to al^rb moistofd. 

'Die apiOal growth of the stem usually termioatM about 
the cold season when the upper bud bears eup-liks rosettes 
of leaveie reddish or brownish in eoloor, whidi form W^ 
is popularly called the Moss flower, though there is nothing 
in common with the flowers of Phanerogwis. The Moss 
flower is really a receptacle in which the male and female 
sexuid organs, antheridia and- arohegonia* lie concealed 
amongst the whorl of leaves {ptriehxtium.) Moss plants 
may be monoeeious, when both kinds of sexual organs are 
borne on the same plant ; or dicecious, when Ihe aptfaeridia 
and arohegouia arise on different .plants. 

The .uitharidia (fig. 394) are stalked, elub-shaped 
bodies which contain a large number of spermatoaoid 
mother cells each of which produces on maturity a slightly 
twisted filamentous spermatoaoid provided vitt only two 
cilia at thp ' narrow end (S). The archegonia (fig. 393) 
are flask-shaped bodies with a long neck and a swollen 
base. Tht (jentral portion of the- neck ie occupied- by a 
row of cells* the neeh-eand etUs, which at maturity swell’ 
up* by absorbing water and cause the rupture of thft. neck. 
The swollen base, called the «sn/sr, enrioses a large cell 
which divtdffi into tiro female cgg-oell and a ventrat-oanal 
cell The latter lies lust beW tile neek-eanal eethf . and 
undergoes disorganisation witii the latter when life s^ci^* 
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!• tad t««cl7 to opmi to* atok. ISMatwaa}: 
mBi liwnMia naoUaginoot with water aiod eocert ao ttkfm* 
liv* attotiiliii on tlie Bparmatoiaids^ thn»gh difludcw 
«f oaae-mgar (ehamotaxu* p> 335). For fedSliaatioa watar 
i|^itidiepen(»1bto aad ao the prooese take* i^aoe mostly daring 
tbe Tt&tm, A spermatoaoid swims^ torongh the easil of 
the arehegoniara and Weaehing the ▼eater fosea witA the 
egg-eeH. The fertilised egg-oeil than difidM tepidly to form 
a maitieeUalar embryo. , « 



Fig. J98. 
AnAfagealvm 
<a Mom. V.O., 
▼eatriU osnal* 
•eoH. *, egg- 
oell, B, aeck. 



Fig. 894. , 
aatfamjdinm of' 
Mrnt^e ; motber*. 
oeUsof spetiaatO' 
soklag, ' 


The, embryo is not detached from the plant bat glees 
lihe to t^^Iongaied abd etidked body termed the oaimide. 

eaftrale iippears to arise from toe eentte of toe 


.i am ’ V "''lift. 

ft iriftik* Tiw tepnftft 
wwaftM sfonts. |8d bog •! 
figr a dry flbrqiui liWl tomed ^ ea^tfifr* <%. 996) 



Fig, 395. Xbe Hobb capsule or gporogonium. the yonug eapsole 
with the caljptra ; B, the same later stage, the oalyptia is shed but 
the mouth o£ the eaplole Ib covered by the hd h , 0, the dapsote 
with the hd shed and sporcB <8) coming out. ^ 

like the ioot;oap of roots. This c^lyptra it tfaioiru off when 
the capsule is ripe and then it looks like a tiny poppy 
fruit surmounted by a small lid (opercutim* L). The hd 
eventually diK)p8 also and the spoies (S) now come put. The 
lim or mputb of the capsule is piovided witti sevoial very 
delicate tooth-like outgrowths which form a fine membrane 
partially closing the opening. These outgiowths (termed the 
penstmuf) ejcecate peculiar hygroscopic movemetitSy opening 
out in dry weather and closing whop it is moiety and 
thus help the dispersion of the ipores« Ihe spor^ are 
unioeilular bodies with two waHs* The opte^ wall bprstS 
on germinetilon and the inner grows out into a tube which 
branches repeatedly and produces a filamentous tbatlue oalSkd 
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the pr^oiumti- The Mom plant iti^ gn>|r» np froU « bud 
produced on the protoneiaa. ' 

y" ' 

ALTERNATION OP GENERAflONS IN MOSS. 

Tbip Mo 68 plant il ^0 gam^ophyte ; it producas the 
gamotesi the sexual cells, in the arc^egonia and the antheridia, 
The Moss capsule resulting from the union of the sezuid 
cells is the sporophyte ; it is also called the sporoffc^um apd 
it produces spores, the asexual reproductive bodies. The 
sporogoniutn forms a distinct asexual generation^ but it 
remains throughout its existence united with the sexual 
generation (the plant itself) and draws nourishment from 
the latter very much like a parasite. In this respect the 
alternation of generations in Moss differs from that in Fern, 
for in Ferns the generations are independent plants. 

Following the scheme laid down on p. 41 1» the alternation 
of generations in^Moss and Fern may be compared thus 
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A d^l64 eompBkriBm is nhown k iplloviiif table* 


Mott 

1. fflaiS if tbf jamdio- 
phyjbe^ 

a. *iP4je gametopby^iif^if tb« 


Fata 

L Tbft {riant if the sj^fO- 
pbyte. 

2* Bre fpotophyte if the 
fully difierentiated cormtts. ^ 

S« Spore on germthation 
produces a prothalliuhi— the 
sex^hearing generation or the 
gametopbyte. 

4. The gametes of the pro- 
IbaJHum unite to produce an 
cnibiyo which devclope into an 
independent Fern plant or 
sporophyto. 


morpbokigieally ^ifler^tlated 
oormuf. , 

3, Spore^ on getm^atioa 
produces a pAtonema from which 
the Mosf plant i« deteloped— * 
this is the gametophyte* 

4^4. The gametes of the Mom 
plant unite to prodfOe f n etehryo 
which deyelops into the J|*fB 
capsule, the fporophyte. ami 
remains attached to the gainr^ 
tophyte throughout its life. 



CHAPTER XXXIV. 

lilAUjoPHyTA 

Thallopliyt^ mrto leaflaaii oelldkr Ciyptsogams. Th«ijr 
«r6 plants vlifoli ()o not in gannrat show any differentiation 
into stem and leaim- Ab a rule» ThaQo^hytee reproduce 
asexoatty by ipores whtoh arise in speoial oha'ibbere or 
epotangia, when Uiey are called endB^port* or are cut off 
and separated from the p1ant*body at fpecial parts* when 
they are called ewo^pores. Sometimes the spores are nahed 
eells provided with cilia and move about in water. Such 
spores are termed swartnspores or aooaporea Beprodue** 
lion ^ also takes place sexually but the sexual eells are very 
simple* Sometimes coniugatioii takes place between two 
outwardly similar cells called gametes. When the gamers 
are motile they are called planog<m9t€$t and^ when non- 
motslo they are aT^mogam^Us. In the higher Thallopbytes 
the sexual cells are dillerentiated into motile ciliated 
male oells* the spermatosoidsf and large nou-motile female 
cells^ the oosphores or egg-oells. The spermatosoids develop 
In antheridia ; the oosphores in which are much 

simpler than the archegonia. By tjie conjugation of similar 
gametes a gygote or ^gospore is formed. By the fertilisa-, 
tion of the ooaphere by a spermatosoid an oospore is 
produced* The. former mode of sexual union is termed 
isogamy, the latter oogamy* 

The Thallophytes are usually divided into two classes r 
(I)tfae Algse, and (t) the Fungi* The distinctimir lies in 
the last that AIgss are green and henoe'^autaphytes (p. 

Fungi am never green ; they are saprophytes or parasites* 
Hie Algae can rpanufaeture copiplex organic compounds 



itm tilt totwiiitotDti of tiiA jMltb; S^tui^ awt 

ool tio tint ; tiiejr U^e npoa Urlag or otga^h nattw^ 
tiithor tninal* or i^tt. Xbk difftioiiM in luiltit k 4i|» to 
tin i^MHikot oi ohromatopborett ohltfii^ tidonMbntib til 
AtgVi wbioh ora totoliy abtont I0m tbip o^ of a&fMnb 

Tb« Als» art Thtllopbj'tat obaraottrittd hifJSM fwwoa^ 
of tin groen ^igmont thloroplixU in tboir o«^ l^t tbit 
4ooi a(A rnttn tbtt thear *t« all groon fo^poanuntb 1#^ 
many otMt* »pMia|ly it tiiote growing jk m wattr (tiM 
marine Alg«)i otbor eobariog matters, null at brotra or nti. 
mask tiie green chtorophyll. The Alggp artati aquatiotr tfw 
lower and simpler forms stioking to moiat rooks or walk or 
tree-trunks at green patohes. Marine Algn are huger gbil 
are oommonly differentiated into leaf*like expansions m 
thallua. Fresh-water Algn are all green and either fila* 
mentous or onioeltalar. 

CHLOBOPHyCfiAK. 

This group includes the of fresh water Algss in 

which the green odouriag matter chlorophyll i« not aooom* 
panied .hy other pigments as la other groups of Algas. It 
includes also some ot the most interesting unioeiliilar forms* 

The Green Alg^ ere among the most widely distributed 
of plant’lormss They occur practically in all pieces where 
enough moMure can be hadi in rirerst ponds# ditches* 
nullahs* in Ml hinds of stagnant water* in damp earth# waBs* 
barks of trees* deeomposing moist leares# etc. 

The DattSids am aaioelluler green Algae fosmi 1u ponda, ditches 
and wet places, cemmoniy attaohed to the free Seatiiiji Siamentaus 
!resh«water Al^, the distingaishlng characteristic of tluae algal Celli 
is their alwcet "itrvgriable divisicn Into two tjfkiinetriml haiam 
separated by a oiiettlar ponstriotion in the middle* lerms presented 
are seme of thS beantifst of fresh«water Aifm, The eell-wall 
nenaily ignmsjsts of two distlnet raises whn0 mhN in the 
pihnesi^hstrletlon* iinltipncption tabes plhce {fmtti hf golNUrSsieik 


m n^mmTABx mu Am 

lUUi, by Golijii^Atiaa. fornior whit^b i« jtbe 
pl»iQ» by tbe forcing nj^art of tbe Iwo yalTOiy a new oyUi»lrjical |>ioce 
of oicoibratke being interpoaed. Sii^lbfeeqiiaatiy a UABavaree wall ia 
lomad In the naedlan plane of this oylbidei*, tbe aepamtod bivlyol of 
wbiiMi then grow up into new valvea. Confngaiioii takea plabe Uy^ifo 
DesmidB approaching each other when the protopiamlo oont^ta<^ eadh 
ronnde off. S^he enter walla of each aplit at about the iniiidte-ind then 
the entire protoplasts pass out to fuse into each other, either wholly or 
partMly separated from the parent^ells. The result of tbe fusion is 
^ a eygote which then surrounds itself with a walt^ the outside being 
provided with ,nnmerpuB spinous processes The aygospore thus formed 
enters into a period of rest after which germination takes place. 

SPIBOGYM > 

This iB a very common fresh water Alga. It forms 
extensive green slimy floating masses. It ia a filamen tonjs 
Alga, consisting of a row of oyliiKlrical cells forming long 
threads or fihmontsj The character wtijioh distinguishes it 
from all other ,Alga is the peculiar development of the ohloro* 
plasts in the form of bands or ribbons which art JBllUy 
coiled at about the cirou^erenoe of each cell. Thpre^may be 
only one spiral band in a cell or it may contain as many as 
eight spiral bands, the number depending on tbe width pf the 
cells. When two or more spiral bands occur they cross 
regularly and thus form more or less complex lattice- works. 
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filameist oouaista of b^rral-di^pod oelb 
}oioo4 to end. Tha are of odUulaaa and tha outer 
oOfiaoo of the walls swells slightly ia eootaet with wi^r \ 
the slimy or gelatioous nature of doat|ng masses. 
WkiMiuie eeil conUin a oolouriessil^^ I^rotoplii^m 
ItHl^ the eell^wall with a large vaouele tiie eentre filled 
with a colohrle^ cell'sap. Sii^pended in this yaoaole hut 
kept stretdh^^ by threads of cytoplasm oonneoted with the ^ 
lining layer is a large nucleus. 

The ohloroplasts are the most attractive and distinguish* 
irig feature of the cell. Each chloroplaat lies embedded in 
the parietal protoplasm and forms a band twisted round t^e' 
interior of the cell in a spiral manner. The bands haVe 
serrate margins and contain a few star-like refractive bodies 
termed the pyrenoids. The latter produce starch-grains. 

Life history :-^In springi the season when water i/ 
plentiful, the plant flourishes ; growth takes place in the 
ceils by the simple process of elongation and subsequent 
division. The reproduction of the plant takes place only by 
the sexual mode ; there are no asexual reproductive cells or 
spores, and the sexual mode even is one of the simple. 
Them is no distinction into ' male and female cells ; the 
two pairing oeljs are to all appearance similar and are 
called gcunetes. The sexual process, called conjugation 
(from which the name of the sub-class Conjugat^g? to which 
Spirogyra belongs), oonsi^ essentially in the fusion of two 
gametes ; these are no^;)royided with cilia (aplanogame- 
tes) and faeticis exhibit ciliary movement. They are 
developed from the contraction, condensation, and rounding 
off of the jj^toplasm of two different ecUsi each cell pro* 
ducing a gamete. 

takes pbce gcnerafiy by the end of summer 
or ^ levd of water is low. Two filaments come to lie 
bjr $ the contents of some of the pells iA one filament 
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ooafoMi Audi ^bsooming roundsd oil tufa ie^ gsmubou. 
I'ha at^HrsUa a6 tlie sama time i^rolaiuie QttI tewARli 
tSie iMiker ilament tdke oelte of which then ehow a Mmilar 
ba)|jtvk>ur. The ftrotroding eell-walle of hoth then toaeh* 
, the eeparating ii(^i|>l>ih«)rbed and a clear pomvf it fomaii 

llte gametes of lha first filament then page over into the 
eells of the other filament and fusing in pairs' with the 
" gametes of this filament form zygospores or siygotes. Each 
of these then surrounds itself with a firm wall and after a 
period of rest germinates to produce a new filament. Some- 
times oonjugation takes place not between two separate 
filaments as above but between.tfae two halves of the same 
filament folded into two. * 

* FUNGI. 

Structure -As a class Fungi are characterised by the 
absence of chlorophyll and are distinguished from all othdr 
plants by the relatively simple structure of their vegetative 
organ. Indeed, structurally they are the simplest of all 
plants. The body of a young actively growing Fungus con- 
sists entirely of simple whitish tubular threads called kyphse. 
These hyphss are made up of elongated cells with very thin 
walls and with or without partitions. They ramify in all 
directions, penetrating every part of the substrati^m which 
is either a decaying organic debris or a livii^ organism. 
The mass of the entangled hypfaal threads constitutes the 
body of the Fungus termed the myceHum. In the larger 
Fungi, such as the Mushrooms, the hyphss are iroven ioto 
a more or loss solid columnar structure forraiBg a false tissue 
or pseudo-parenobyma. 

The myoelinm is said to be wpfdf* when its hyphid 
threads have transverse walls, and trhen no 

snob walls exist, a continuous channel tutmihg 
^e byplue the myoelinm. Such a myeeUwn ia aald 
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Vte ,,Tiwi fe'ifclwpys 

' iw)d mt 01 wll^ioaf .,it'f?:'lft-^ 
pkU)ti 0 . JNfeftber the walls i)<»r %e ol vi^ 

ar# oar^ydraAes, far sUrcb* sugarv and 
O00ttr replaoed by lat gJobi||^ glyedge^ 

edlimiteiits. . ^ ’ ’ . ' ' 

Mode 0f niitri|don*-*^aela98Fuiigiara eitber ^ri^tas 
orsapraphyles (sea p. 304). They obfcidn the whofo 
tbeir food from the . iitrtrient substratiim and mosi/ of 
aho require air (ozy^n) for respimtion. They do notcatflaiu 
chlorophyll nor any ohromatophore, and hence are incapable 
of assimilating carbon from the atmospheric carbon dioicMe. 
The parasitic Fungi depend for tbcir food*^ on the liv.ing 
bodies of animals and plants which they decompose by 
seoreMng certain fermentsi^ and then absorb ^the products 
of decomposition. These parasitic Fungi are dangerous 
pests destroying such important vegetables as potato* wheat, 
rice, and many fruits. Some, however, form helpful life- 
partnership with the roots of many plants (see mycorhisa, 
p. 301). The saprov>hytic Fungi form on extensive class, 
although in most oases their mode "of life cannot bo distin- 
guished from t^e parasitic forms. They live on decomposing 
animal or vegetable remains such as rotten cOw-dung, 
putrefying carcase, decaying leaves and stem and so on. 

The absence of any compact structure in the mycelium 
of a Fungus is evidently connected with its mode of life, 
for since all its food is derived from the material on .which it 
lives, an abundantly branched cellular tissue is indispensable 
for ramifying into the substra^m and for absorbing the^fi|0d, 
exactly like the root-System, Like the root-systpm of hi^^p^- 
plants the myeelium absorbs food, but the former can ablorb 
only raw food for the plant to assimilate, whereas the latter, 
tb0 0^ the fungus, absorbs everything required for 

life^ /^his explains why Fungi have a simple thalloid 
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ttruoture ; they need not produce any aerial ehoot for tiieir 
mode of life renders this unnecessary. 

The peculiar mode of life of the Fungi is in principle Hiametvicftlly 
opposed to the metabolic processes tfikiirg place in bigber plants. The 
latter prepare very complex organic matter from the stable raw 
substances in their environment, and the organic matters thus prodneed 
lock up a great store of energy potentially. The action of the 
Fungus, however, is such that these eoraplex matters iire broken up, 
simplified, disintegrated into simple compounds and in the process a 
large amount of energy is free as mhtrgy* If is this energy 

which is directly available to the Fungus for doing further work which 
consists in dislocating the work of plants and, animals, helping the 
natural decomposition of organic matters, and multiplying their own 
species. 

That energy is set free by the growth of Pungi upon 
organic matter is shown by the fact that heat is evolved 
during the decomposition. Rotting fruits and vegetables, 
rotting straw and oow-dung, feel warmer than when fresh, 
and if kept in a confined place become very considerably 
heated. 

Reproduction and life-history. — Although the vegeta- 
tive body of the great majority of Fungi remains more or less 
buried in the substratum, their reproductive organs always 
seek air and light and come out as aerial sprouts. This 
is an instance of chemotropic and phototropic movement 
(p, 326). The advantage thus secured is great, for the 
reproductive bodies are generally asexual unicellular spores 
which are produced as minute grains in profuse quantities at 
the tips of the aerial hyphae which, when heated by the sun, 
or in a dry atmosphere, scatter broadcast their innumerable 
spores. A Fungus develops from the germination of a spore 
on a suitable substratum, at first as a tiny white tube which 
the spore puts out, and then this tube elongates, divides, 
and ramifies in all directions penetrating into the substra- 
tutn^ After some time, about the period of reproduction, 
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some ol tbe byphm turn and grow upwards into the nit ea 
aeriai byphie and terminate in a etulrshaped l^ody. At this 
part innutiK^rable spores are formed* Seitual reprodPction 
also takes place in many instances but a regular alternatioUi 
as ill the Pteridopbytes and Bryophyt^i is altogether 
wanting. A few Fungi are described below 

MTJCOE, (JlfMcor mucedoX 

Structure.— This is a very common mould formed as a 
white downy coat on many articles, such as old di^mp boots 
and other leather goods, old confections, moist bread crusts^ 
preserved fruits and animal excreta. It can be artificially 
cultured by keeping a moist bread in a damp, dark, aisd 
warm place. It is a saprophyte. The mycelium is much- 
branched and filamentous. The hypbie are unseptate, i.e. 

Fig, S97. Fig. 398. ^ Fig. 399. 



Mucob Mucbdo. 

Fig. 397. Sporangium (s) witb numerous spores and columella (c) 
Fig, Ss. Formal ion and union ot gameles (o). Fig, 099. Geimi- 
nation of sygoppote (Z) ; an erect hypba bearing a sporangium (s), 
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t;h«y are Wg isabas without tm^yatae waJlii oil 

globul 69 aod ixiaBy nobleu - : 

Reprodoction ;*-PrOni the mycftlittta aiMxia%ef of eiwt 
aerial byphi^ are prodooed ; tbeee are eaOed i|i>oiaiigtOp]hiO^ 
foa (or gooidiioplicma) J>eing the atalh of the speraapio for 
gonUan&ia) formed at the termioal parts. From the apex of 
, such an aerid bypha a single spherioal sporangittm (pr go* 
nidangiam) is oat of! hy a transrerae wall wbiob then 
gradtmlly protrudes into the cavity of the sphere as a shoii; 
swollen stalk called the columella (fig. 3^7 )« Within the 
sporangium numerous oval walled spores are produced by 
the repeati^l divisioTi of the protoplasm and the nucleus. 
These spores are hence endospore^ They He %t first embed- 
ded in the slimy contents of the sporangium* which 
swell by absorbing water and finally rupture the sporangia! 
wall. The spores are then scattered and falling on a moist 
substratum produce other Muoor plants. 

The large number of spores secures a very rapid multi- 
plication of the Fungus by asexual means. Sexual reproduc- 
tion also"" takes place under certain oonditiona. The myce- 
lium then produces two special club-shaped hyphal branches* 
the gametcfphores (fig. 898). which approach each other. 
When the swollen tips of these hyphae come in contact a 
transverse wall is formed below each swelling ; the gametes 
thus cut off then^ fuse. The wall separating the two is 
absorbed and the conjugating cells produce by fusion a single^ 
zygospore, the outer wall of wWch gradually thickens and 
develops warty protuberances. This is another instance of 
conjugation (see p. 426). J 

After a period of rest the sygoapore (Zt lig. 399) germi- 
nates by bursting its outer hard wall and puts out a short 
hyphal filament. This bypha, however* et ouee 
in a spOi;e?gium (s) ard the spores produced from^l^lB falling 
moist ground develop into the usual xnu(^%renehed 
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tajroitiiwii of tih« Muoor. Thera is oo r«g«lftr atrartMtiOB dl 
^aaexsdioM, 

SemetiMe tfae samotes do t»>k fan but dereisp lat^cpesdeB^jr iiMb 
OtyeelUi. Xbqr are then called ii^8caporM> I^odei oeir^iiir eonditjlsni 
the hjphie form tniUTem walls and appear like chains at oeUo. Then 
cells {chlipn;do>spore8) ma^f btee|: np and prodan now myeeiihi. Bone- 
itues these cells fobave like jreast^lla (see p. iM) and Rtse rin to ai- 
eobolitt fermentation. Thu is known as the nrats oswIUhM of Uncor. 

EUROTIUM. 

Strudtvm^Burotiufn ia another mould like tho iifaeore 
It is formed as a greenish down on softened Iroitu and on 
decomiK)sing vegetal matters generally* It can be often 
cultured artifioially by keeping moist eowdung cakes in a 
damp but warm and dark 
place. The mycelium here 
is very much like that of 
the Mucor, being made up 
of entangled filaments of a 
muoh'-branched system of 
hyphm which ramify in 
the substratum. The 
hyph® however are septate 
;\e., they are provided 
with partition jvalls at 
shoii; distanoesi and in 
this respect differ from 
those of the 

Reproduction^ takes 
place both sexually and 
asaxually* the foriuer being 
mmdi more complex than loo. 'Birtotiuifh 

the cofrespondir^s process 

in the Muoon Asexual reproduction takas place by 
Spores which are produced at t^e end of ®rial hyphte 
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termed conidiophorea (fig. 40O> C). The bead ol the 
oodtdiopbore swells up into a spherical body ou whicb arise 
radiate-fashiou a large number ol peg-shaped out-growths 
oalled aterigmata (St)« From the apex of each aterigma 
small spores oalled comdiospores or conidia (exospom^ s) 
are abstiicted in chains. The conidia lUre produced in 
enormous quantities and break away from their '*8terigmata» 
and are blown and scattered by the wind. On reaching 
a suitable substanoe they develop directly into a much- 
branched mycelium which then repeats the same process. 

In the sexual reproduction the end of a long hypha of 
the myceliam becomes spirally coiled some four or five times 
and constitutes the female organ or the archicarp (a). The 
spiral is non-septate and is differentiated into (i) an upper 
part constituting the terminal part^ of the archicarp oalled 
the trichagynci and (2) the lower swollen part called the 
carpogonium. Just below the archicarp (Ar) the same 
hypha puts out branches one ol which (p) develops very last 
and arching over the archicarp reaches the trichogyne. This 
branch is the male organ and is called the pollinodium. 
Jt contains the male plasma. The walls of the trichogyne 
and the pollinodium break away where they touch and the 
protoplasm of the latter is poured into the archicarp. There 
conjugation takes place and is immediately followed by the 
development of a large number of sterile byphae which com’ 
plotely surround the arcbiollp and by repeated branching form 
a thick covering of pseudo-parenchyma termed the perithe- 
cium. Daring this process the hypha of the carpogonium 
becomes septate^ and the septated cells grow up and again 
become septate. In this way a tissue resulting from the ferti- 
lisation of the carpogonium originates inside the peritbecium^ 
Some of the end-cells of this tissue develop into special 
sporangia called asci (A). Each ascus develops within it 
eight sppres called awsporgs. 
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TiM mutare o«rpogai)iai]| iricb the jp«rith«dhU lujrJir fotMi 
tiie awtM iroit or aaoooarp wbieli irboQ rip« trrMka #i «■ 
to Axpodo the aeoi, and then burata, and tie aecofporM are 
eet free to be seattered by the wind. JSeeti) aatst^pore ia of a 
bioopvBX shape and gemuDetes as asiul io ^itb rie e to the 
myeeKtua of fiamtiam. This mjfiSeltam ferodueest like that 
whioh proceeds ' from the oonidia. at fimt coaidiophw^es and 
then the sexual organa A regular alternatioa of sexual and 
asexual generations is not traceable. 

4t I*' 

YEAST . 

The YeaA is one of a gtov^P of the simplest Ptmirie 
It sets up aleobolio fermentation in grape juiee ip 
the manufacture of wine and thrives best in substanoes fish 
in sugar. It is an unicellular Fungus of spherical, oval, or 
cylindrical cells. There is no proper mycelium nor a bypha» 
though sometimes the yeast-oells remain for a time united in 
chains. Reproduction takes place chiefly by fissim- Each 
gives rise to a tiny outgrowth which gradually increases in siae 
and is Anally abstrioted like the oonidia of JSurotium^ These 
oonidia-like daughter-cells repeat the process and in this 
way the plant rapidly multiplies, so long as there is enough 
sugar to be fermented into alcohol. This process is ki^own 
as puIlulatioA or gemmation — fundamentally a vegetative 
method of repr^uotione Under unfavourable conditions, 
when, for instance, thete is no sugar in the substratum, the 
Yeast-^lk swell up aud form Ijporangfa. The nucleus U 
divided into seversl inmlei around each o| which protoplasm 
coUeots hp a proesss called free celh/amuaim. Several 
spores sre formed wWiin each sporangium atid a part of the 
ptototdasm is lek over. These spores are similar in origin 
to the assaspoipi o# SmeHum. Eventually the wall of the 
spoiangiam hurstSp thw endosporee come Ouh and are dis- 
, persed hy the wmd, tDoiidiig to a fresh field rich in migar, 
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th«ir oulMT ir»11 und lyot out «ll|^rti 
vrfauii \if Mpidlr prodaM » otdottjr ^ ITaail^oilit 

Saxu»l r«{>rodliwtion is not knovn * ' « 

Gi«n6]!itlly« iM^Ofi dH 70&st in aetdiig np 
in n saoeharioe solution ropteMnttd ^ ^ Ohoaikiid 

e^nationt 

^,H«sO. -JiCa H* 0 + 200. 

' Sugar Alo«hol Carbon dioxide. , 

The ero1u|ion of carbon dioxide by the Teaat is a case of ‘ 
anaerobic respiration (p. A02) ; it occurs otcr' when oxygen 
is excluded. But it does not oease vhen oxygen is sup- 
plied, for the Yeast plant has acquired the habit of bringing 
about fermentation spontaneously. 

THE MUSHROOM. 

The rauehfoom is a saprophyte on decomposing 

organic matters* such as oow^dung* rotten bamboos* decay* 
iug leaves* etc. The little titnbreUa*like body which is seen 
above groand-*tbat which is called the toad-stool or Mush- 
room (fig. 401 ) -<^18 merely the fructification bearing the 
reproducMvo bodies cillod If the head (ptl^a^) of the 

mature Mushroom is laid on a sheet of paper for a few 
hours* the paper will be covered by a dark eoloared powder ; 
these are the spores. The aerial fructification is short-lived* 
it perishes as soon as the spores are scattered. The real vege- 
tative body of the lutigus lives underground ramifying tn the 
substratum in the form of a dense net-work of vftlte filaments 
or hyphae *-this is the myceKimi. 

Reproduction takes place only aseaually by kpores; 
sexual reproduction is entirely absent Thh spore-bearing 
aerial Iruetiftpation is a dense compact mass of hyphae whtoh 
forms ,a ptem-like body* called the stipe* tenmasitiiig W 
i 
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kvtA «il}4d im^|>^i», {&g. t,%\ 

The tiller «yir{iM 0 of Hia Ib^ | k«^ 

^ TertiogI n^flwd ^ 
lamotIi9 {gdjgtiiig 
from^ gtiS^o to 
the edge of ^the 
pileoe. Tbeae eare 
aho ealled the t^lle 
from thelf* i^em* 
hlanoe to the gille of 
fisbee. The gills or 
lamellae bear the 
spores on their 
surface (fig. 402 X As 
long as the spores 
are undeveloped the 
young pileus is closed 
at its lower paii> 
by a veil or velum 
which is ruptured on 
maturity and then 
fdfms a torn ring at 
the base of the pileus (see fig« 4i u). 

Tha lamelles are plates of interwt>von bypb<e. In a 
section each lamolla shows a oenti^l past, known as the 
trama (Fig. 403, made up of hyphas >vhich curve outwards 
toifards the surface whet^ they end^fn small close^-packed 
celb. The I^^er is called the aub-hymeuial laye|{^ It 
bears the superficial layer of cbUs^ called the bymeniiam> 
where the cells are slightly elongated and sirvmitA ‘in the 
palisade manner. The hymenjum is the generative layer. 
It consists of two kinds of cells: (0 sterile cells called 
psrapA|fs«^ (fig. 404, p), and (2) fmtile or spore^producing 
cells called baimdia (b). Each basidmm heaxs at its %pex 



Fig. 401, The tCusbiOoim —a, the 
piictts, below tits expanded besil is tbe 
tom veicra. 

V i 
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i imp or lout blender proof # 0 ^ ^lled Horigma (-r*) ai4 
from .ei^h fiterigioa a smi^lo anMikll no^onded oetl nr |>aaidiio- 
S’ig. 402. f}g. 408. Fig. 404. 



Fig. 408. The gills (d) ; Fig« 403. A single gill magnificil, (i) the 
tiamft ; on the sxti-face is the bjme&iom (by). B'ig. 404. The hyme- 
nium greatly enlarged. 

spore (s) is cut off. Tbe spores are pitiduced in very large 
quantities and are readily dispersed by the wind* After 
the spores are developed and scattered the aerial fructi* 
fication rots away. 


CHAI^ER XXXV, 

ECQIXXIY. 

Plants try to Qdjmt to t^ir 

as seen in thp evident mov^ai^ . of part^ of tiwt 
sttoh as tha oli:^fig of stomata, or a change in the 
of leaves, stems and roots during growth, and in* {see 
p. 3115 ). This constant adjusteent to eiirtei'nrf vfaelfsrs 
brought forth'* oertain structural changes necessary to the 
well-being of the plant. These are called adaptations, and 
plants are said to be adapted to their environment. Tbm$# 
waterplants are adapted to live in water; they have their 
own peculiar structure which enables them to i live in an 
aquatic environment j land-plants are adapted to live on 
firm land, and so forth. 

Water and light are the two most important factort 
which vastly influci^ce the mode of life of the plants, and" 
hence also their form and stmcture. Other factors, such as 
the forbility of the soil and the conditions of the atmosphere, 
are of course also impoitant. But the supply of water 
to the plant is the first condition of Its life, and its stmeture 
is accordingly moulded to suit the nature and amount 
of watersupply. In this respect there are the tw'o extremes 
of plants which live in water or in excessive abater-supply, 
^nd those whiefi live in very dry land^ with very poor water 
supply ; midway between these stand plants which' have 
neither too much nor too small water-supply. The^ latter 
are the ordinary land plants or MesopKytes ; while the other 
two are water-plants or Hydrophytea and desert’plants 
or Xeropkytes. Generally speaking, hydrophytes glow in 
water, xerophytes in very dry soil, and mesophytes in 
ordinary moist soil. 
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WATER‘PtANT$ 

Wii|e^l«i|ts mwjf - ^ V\ 

-if ^ 

gltotipi— 

(1) FktdifHf ittMsb jii t%e libe 

Pigtm (Bara-paimK hwtm wbi# 

roaet^s of feavea air^ tofla of fibroo* ad'V'ootitiooii rooto 
arisiisia from a vary abort aU»oa« Tbay timt Iraaty hf tbeir 
]arga» leavosi and hayn somathnet apaoial ilbating 

devices^ aocb as the swollen blodderliba patfolea of Water 
byaeintlM9« The tuft of fhaiing rooiB (p. 25) helpe the plants 
to keep equilibrium and prevent their toppling over under 
the action of oiirrents. 

(2) Subnmged nquaUcs, such as PotainogetOti» Yallisuem* 
eto.» have their vegetative organs entiidiy submerged and 
send up Only the floaer in the ain They have very stiuple* 
geneially thin and long or ribbon^Iike leaves. 

‘ (3) Amphthous plants which are partly submerged 
and paitly aeiiah such as the Lotus, Water’lilies, and 
Water chestnut (Trapa)i which have a tTailing or ci'eeping 
ihieomous stem lying in the mud and loirg-'stalked floating 
leaves ; also such plants like the Jessiuea (Kesbai'dam), 
Myriophyllum> Limnopbila (p. 6!^, Kalmi-sbak (p. 376) etc. 
with long aeiial shogts above the water. Some of these 
plan^ are }^ 0 t$fQpMh>us^ possessing not"^ only lai^ge floating 
leaves, but also dissected eub^merged leaves {p. B4) and 
ordinary smfl aerial leaves in addition. "^^The floating m 
leaves ^are brOad, undivided and entire with a petiole 
which has the power of adjusting its length aoooi*ding to 
the depth of watei'. 

ThOv atmctuYal foatures of aquatics arqt-^d) Boots 
tie never thicki hard or woody but are dejfcafce, greatly 
elottgate4 *flbrou8> and' adventitious, often freely branch* 
ing. A loot’isap b often wanting, specially where the 



WATlSB-fLAm . « , tad 

« » fre^ ioBlIng w»d hy doC «o vmSame 
of wit. BooI'IhiIm Mlf «]io oftoa ’obfoott'^W lipe 
w&rmtmfA tm of wa^otkioib oaiiti^itA ftom 

lAo wofeortbrou^b tho etidensur ‘’' 

(8? Tbo «tOis» fa oitfaoir. tifailini w fTMidilg: ot ril^w* 
mim, » grea% aMfawjoiM y io flM ku^ Sot^ 
i4onta and tbo aubyiliKad ttMotw pitaiViH odt 3 r 

« ratofao of tidawB. BranefaM. boworor, adao VWf itfMIft 
for i^afaw moltilpjy vary NipfaUy by raytatfao oi^aiU 
sodi M afalbMiib^ffaata, ate. (p. 317). 

( 1 ) lieavoa art of varioy forma; feba ia|Mnc|||i«d oo^ 
are either Hbbon*abap«d or dfaaeetedi the fioatiH|g fevlla 

are broadt lai^> entire and highly ajfoiigy. ' * 

^ > i 

Watat^plaati are y a rule perenoiab. They alwaya 

pi-oduee flowers on :!‘an unal stem or have floatiag ‘thweib 
(Wat«r*lilies}» so that fertilisation fa always aerbd. They 
are. howerer, lavishly multiplied vegetatively. 

AaaloRHcally watorplanta are oharaoteifaed by a 
soft spongy parenahymatous giound tissua troveraed by 
large air-passages or canals whieh form the ventilatiW 
system of the plant TUs aurmuhtiilna (p. 213} isHMer 
sary, for the pianta are more qr lets cut off from eKternal 
^air whieh they require, spoqfally the oxygen, for respiration. 
Further, fa serves to make them light atMl buoyant so that 
they can have u (naotf*air and light m possiUe. # 

In Dwot aquatics a > well deflaed cortical portion fa 
rpoognised. bfat this fa always traversed by the air-oavflfasj 
lu Moiioeot aqualfas and in the Lotus family (of Diw^) a 
oortioal portion can not be distii^fahed from dtp rest of the 
ground tissue. Often in etongated floating ffibiqerged 
Stems, sfasoiallj^ of Monooots. the outw eortiesi pbrtbm 
fa ttaTened by long strands of which give the 

neeeokary pUaibili^ alcmg with ^aatiefay reqt^-jMi tO oopa 
with enrrents of water. 4 ' 



• < tli« vpHWi^ bH»dl«M *t$ swMljr v«iM«d mtA » 
im4 W Mi ioMed •?<« " J» DIM immjHM 

!l^y M) ftUriiya nimaiii 

»adi 4i8pQ«ed etM^allg . . TImts no* msmiIIacp cmnitii 
in tbiekoeis and 'tlio Mntripetal paj^tlon 4n«lCM tiMiftom 
l^iaut and oiwbles ib to sirar tl^ii way itod UuA flbfa 
ourrontg. The lignlfioatioD in toe xj^^em is very <|ner, Jor 
in the presence of water iiginu i« not moto i»Fidid>‘ hfi 
MooooOt aqoatios the bundles ‘ are scattered In tlMt'|yDand 
tissue hod are siailarly greatly reduoed, toecb bainf e^y a 
few xylem dements in the centre surroonded by a aoit j^tonm 
and a pareDOhymatous bundle*sheath ; the phloem uoderi^s 
no reduetion for it has to uarry the proteids. Ihe xyl6m is 
reduced iur the plant dots not require a well-developed tissue 
for conducting water. A thick cutide is iieHr present and 
the iormation of cork and bark is entirely precluded. 

3. The epidermis is very thin, without the otitiole> 
in the submerged parts. The cells often contain chloro' 
pbyll. This is because of the wtak light which the 
submerged parts get. The chloroplasts must be super 
fioial to absorb the small quantity of light Which reaches 
the plant under water. Stouats are absent from the sub- 
merged parts, for transpiration is obviously excluded as it 
is unnecessary. Stomata are present only on the upper surface 
of floating leaves which have a dorsi-veutral structure with an 
up^r palisade and a lower spongy mesophyll. This distinc- 
tion is absent in submerged leaves which are tberofoi'o 
isoUUtrei, Floating leaves have a coating of wax (Lotus and 
WaterliliM) or of hairs (Pistia) on the leaf so that the sur 
face is unmttabh, the water lollfug away Into small dtoips. 

‘ LAND HJVNTS. 

Trauspf^stiou is ‘toe mcwt important phenomenon in 
tob 1^ uf land-plants, for it keeps a iwgnlar cironWtioo 
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that are found in land*plants sie therefore meant to keep 

np this bafonoe, or, in Other words, to regulate transpiratioo. 

• 

1. The roots branch and ramify in evsry direo* 
tioTi, wherever there is moietare, ^ and are provided 'witli 
mot^faairs at the younger^, parts. The tip of the root 
is veiy sensitive to raoistuie and leads the way for the 
root-hairs to perform their work of absorption. The older 
parts of the root which cannot move freely and hence can 
not carry on the function of absorption become gradually 
stouter and thus serve to fix the plant fast to the soil. A 
fnitber exquisite adaptation in this direction is the develop- 
ment of branches from th^ convex parts of the main and 
the branch roots. By this means the root is prevented from 
straightening out as it grows old and becomes stouter ^jpd 
stiffery and its zig-zagr form is maintained ; thus a large 
volume of (he earth is bound up by the root-systemi so that 
a strong wind may not easily uproot the plant. To afford 
protection to the root-tip which has to make its way thrdUigh 
hard particles of soil, a root cap is provided. MoreoveT, the 
branching and ramification of the root-system are oorrelatad 
with the branching of the aerial shoot. Where, as in Palms 
and Bamboos, there is a rosette of leaves at the top, there 
are tiso whorls of roots from the lower part of the stem, awd 
28 (a) , ^ 
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where, as in Dioots generally, the trunk is amply branched 
and the leaves form an extensive evaporating surface, the 
root system alsp is oopiously branched underground so as 
to form an equally extensive ' system of root-hairs' for 
absorbing moisture. 


2. The stem is elongated, and since it has to keep itself 
erect, mechanical tissues of various forms are so developed 
as to make it sutBcieutly rigid. And, further, as the distance 
between the burrowing root and the assimilating leayes goes 
on increasing, long tubes or ducts or the vascular bundles are 
very fully formed ; so much indeed that in an old trunk 
there is nothing but solid hard wood and thick layers of 
bark. Even in such delicate or smaller plants as Grasses 
there is a preponderance of mechanical tissues (p 270) for 
the function of support, and a degree of safe rigidity is the 
first requirement of the aerial shoot. In large plants the 
crushing etfeot of the increasing weight of branches and 
foliage is balanced by a continuously growing mass of hard 
ligtiificd wood, while in younger plants, where growth is 
rapid, mechanical tissues are not much formed as they 
retard elongation and rapid development. The greater part 
of the inner and older wood of a tree is dead and serves only 
a mechanical function and only the outer younger ring of 
wood is active in transport work. Hence the importance of 
securing adequate protection for this most vital part of the 
plant by the formation of cork and bark with their various 
tannfti or gum excretions which act as preservatives 
against insects and pests. 


3. The adaptation in the foliage leaf of land-plants 
is one of the most exquisite of its kind, for next to roots 
the leaves are perhaps the most important organ of a plant. 
While very young they are rolled or folded or tucked up 


m the bud safe from danger and tbe young buds are farther 
by scale-leaves and stipules. As tbe leaf unfolds 
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the gtipales or scales fall away or are removed froin 
point of vanfcaife which is now occupied by the lainina» and 
the petiole where present serves to hold it in the correct 
angle and position so "that just the required intensity of 
light and air may be bad without much difficulty. 

Anatomically the leaves of land-plants are admirably 
fitted to carry on the important functions of transpiration, 
assimilation and respiration. The epidermis is proved with 
a more or less thick cuticle which prevents evaporation and 
undue loss of water from the leaf surface. For transpiration 
a special apparatus, the stomatal apparatus, is developed 
and the stomata are scattered in large * numbers, not on the 
upper face of the loaf where the direct rays of the sun would 
undoubtedly injure the guard-cells, but on the lower i^hady 
surface. And for utilising the direct rays of the sun an 
upper palisade tissue is differentiated from a lower spongy 
tissue, and this gives rise to the dorsi-ventral stActure of the 
lamina. And in order that transpiration and aeration may go 
on favourably, the stomata open directly on large resipiratory 
cavities in the spongy mesophyll tissue (p. 235). 'The infinite 
ramifications of the vascular bundles in the form of fine veins 
or nerves bring in at every instant supplies of raw food 
through the xylem which on being w^orked up into organic 
compounds are speedily removed by the phloem. 

Mechanical tissues are not required in Dicot leaves, for 
their reticulate venation protects them from the tearing action 
of vrind. In Monocots, however, the venation does not give 
sufficient strength and hence mechanical tissues are always 
developed and disposed suitably (see stmotureof leaf, p. 238). 

In those parts of the Tropics where there is a long 
dry season, there is an annual shedding of leaves, as in the 
Shimool, Aswatba, Bael and many large trees. This 
periodic defoliation is an adaptation to prevent loss of 
water at a time when water is very scarce and can hardly 
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be transpired without starvinjg the plant. The halnt of 
shedding leaves on the advent of a period of <lrought la 
not confined to largo trees like the Shitnool alone. It 
is shared also by a class of small plants such as the Onion, 
Hdjanigandha, etc., which have fieshy underground stems 
with the help of which they perenniate through the hard 
season defoliating all the aerial parts before its onset. 

Leaf-fail is a characteristic of land-plants; it usually 
occui'8 at the commencement of the dry season (autumn). 
Old leaves are, as a rule, shed by all mesophytes, but 
some are deciduous (p. 68), remaining leafless for several 
months of the year, while others, like the Mango, shed 
their leaves only when the young loaves are unfolding, 
so that they are never leafless. Such plants are called ever- 
greens. Leaf-fail is necessary for two reasons: (1) old 
leaves cannot transpire so rapidly as young leaves in 
spring, andl(!2) old leaves contain all the surplus mineral 
taken from the soil along with th e transpiration current, 
and left in their cells by the loss of water, and these 
minerals are of no use to the plant. Deciduous leaves are 
thin, transluscent and smooth, and are generally broader 
and larger than those of evergreen plants, which are smaller, 
thicker and coarser. 


XEROPHYTES. 

Plants which live in hot, dry, sandy or desert places are 
specially adapted to dry conditions. They are called Xero- 
phytes. They suffer, on the one hand, from a great defici- 
ency of water-supply, and on the other, from the great 
dryness and heat of the atmosphere. Consequently, the 
most striking features of xeropbytes are: (1) a vei7 deep- 
seated and stout root-system and (2) a great reduction in 
iurface of the shoot and the foliage, so that transpiration is 
adequately checked. The adaptations are : — 
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1 . BwU are very long and deep-aeated so <|bat water 
may be absor4>ed from the moist sub'soil which is at a great 
depth (see p. 19). 

2. The sUtn shows various modifications ; it is never so 
long as in ordinary land^plants (mesophytes) but is generally 
greatly reduced and ot a stunted form. 

3. The leaf is the organ which suffers the greatest 
modification. Some xerophytes are entirely leafless or the 
leaves are reduced to spines or scales (aphplhus) and then the 
stem becomes flat, green and leaMike (Caotii-*-Phani*mansa 9 
fig. 120) carrying on the assimilating function ot the leaf, 
or the branches become roundish and green cladodes 
(Asparagus — SatamuHi fig. 58). Others have arrested branch- 
shoots often with some of the leaves transformed into spines 
and the internodes undeveloped (Berberis — Darubaridra, 
p. 67). The reduction in, the* transpiring surface is often com- 
pensated for by corresponding thickness of the leaves ; thus 
some xerophytes have small stiff leathery leaves (sehrophpllous) 
while others have thick succulent leaves (Bryophyllum — 
Pathurkuchi, fig. 62, p. 43). Some of the leaf-succulent 
{chylophpllous) xerophytes have their leaves arranged in 
rosettes on an extremely abbreviated stem {Agave — fig. 36 ; 
Aloe — Gritakumari), so that the plants are often acauicsoent 
(p. 31). Some xerophytes, like the Eabla (Acacia), have 
pinnate leaves which have the power of automatically 
adjusting the transpiring surface by folding up more or less 
so that the leaf*surface is less exposed to direct light. 

Xerophytes exhibit a wide range of forms, some 
approaching the ordinary mesophytes, others, like the Cactii, 
of a striking xerophytio form. The prevalent characters 
are (l) spinescenoe {vs in Kantikary, Shoal-kanta, etc) and 
(2) succulence (Bryophyllum, Agave, etc). 

Anatomically xerophytes are characterised by strong 
lignification. The wood is dense and bard, and the vessels 
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ar»d cells of the xylem are narrow. This is correlated with 
the weakness of transpiration, and unfavom*able conditions 
of growth. The arrested development of the branches and 
the leaves also gives rise to stiff and lignified terminations, 
such as thorns and spines. In the leaf the outide is very 
thick and the epidermal cells contain air. The stomata 
are sunk in the epidermis and lie entirely on the 
lower surface, so that loss of water is checked. Often 
there is an investment of hairs. The hairs are dead and 



Fig. 406, OroBS-section of GalancLa etem (one-fourth). 0, periderm ; 
p, pheUogen ; PI, Cortex ; E, endodermis ; S, sclerenchyma ; 
the soft bast of phloem , V, xylem ressels ; B, bundles ; M, medulla ; 
mr, medullary rays. 

Jr 

contain only air, so that the wooly coat they form acts as 
a 8Un*sbade and serves to prevent over-heating and to 
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reduce transpiration. The hairs are often found on the 
lower surface where the stomata lie. The upper surface 
may be quite smooth and even shiny, so that a great portion 
of the direct light falling on the leaf is reflected back. 
Cutioular transpiration is totally absent. Along with an 
increase in lignification, mechanical tissues such as soleren- 
obyma and bast preponderate in xerophytes, and parenchyma 
is correspondingly reduced. It is for this that plants living 
in desert or similar places are very hard and brittle, aqd 
possess stiff, spiny or prickly leaves and thorny branches. 

In the mesophyll the palisade parenchyma is thicker 
than the spongy, and often the palisade tissue is .formed in 
two or more tiers (see p. 236). The intercellular spaces 
are greatly reduced. On the whole, the tissues are more 
compact than in ordinary land plants. In the succulent 
forms mucilage abounds in some of the cells. The mucilage 
holds water tenaciously ancT is an adaptation to prevent 
loss of water and consequent drying. 

CLIMBING PLANTS. 

These may be classified into : — 

1. Boot climbers (see p. 26). 

2. Twiners (see p. 38) which grow by throwing their 
axis spirally round supports by virtue of their transverse 
geotropism (p. 323). 

3. iScramhlers or stragglers (see p. 39) which are mostly 
shrubs or woody plants with long stragghng branches and 
thorns, prickles, or hooks which are adaptations for climbing. 

4. TendrihcUmbers (p. 38) which include the majority 
of climbers. These may bo. — 

(< 2 ). Leaf-climbers where a part of the leaf acts as the 
tendril; e.g.t in Clematis and the Pitcher plant 
(Nepenthes) it is the petiole ; in Gloriossa (fig. 103 



i48 ELEMENTARY BOTANY 

it IB the leaf-apex; in Smilax (p. 61) it is the 
atipule ; in Pea (p. 41) it is the leaflets. 

(h) Stfm’climbers where a braiieh beoomes a tendril as in 
the Cucumber family (p. 40). 

The leaves of climbers are> as a rule#- large, thin and broad. 
This is bemuse they must have the widest exposure of their 
green tissues to light and air, for they have often to live 
in the shadow of the foliage of the plant over which they 
climb. As a result of twining torsions, most climbers 
have their stem twisted like cables or bave^ a furrowed 
surface (Cucumber family). The wood of a climber is 
not compact and unbroken, as in the stem of a tree, but 
divided into isolated strands. The vessels too are very 
wide and large and form the greater part of the xylem. 
This is a safeguard against choking which will result 
from the twisting of the stem. The mechanical cells (fib- 
rous tracheides) are replaced by wide vessels and tracheides, 
for the food matter must be carried over long distances in 
the extremely long stem which climbers form, but this 
is compensated for by the development of special strings of 
mechanical tissue outside the bundle in the cortex, or in 
the pith. In the Gulancha (Tinospora cordifo!ia)y a cross- 
section of which is shown in fig. 406, the bundles are seen 
to be separate wedge-shaped structures each supported by 
a strong semi-lunar patch of sclerenchyma (see p. 272). The 
mechanical tissues are so arranged that they form very 
efficient girders for the support of the plant. 



TEST-QUESTIONS. 

Seledtod from Vnivtrtiiy Calendars. 

^ 1. Describe the favourable conditions iseoeasary for the 

germination of a seed* and the changes that take place in 
the seed during the process. 

2. Describe from your own observation and contrast 
the germination of any Indian Diqot seed with that of a 
Monooot seed. 

3. Give some idea of the main divisions into wlych 
the plant kingdom is divided. Define the divisions in a 
general way. 

4. What are the functions of the root ? Explain the 
structure and use of the root-cap and root-hairs. 

5. What are the normal functions performed by roots ? 

Show bow the structure of the root is modified in relation 
to special functions. ^ 

6. State the distinguishing characters of root and of 
modified shoots. 

7. Name ' and describe with examples the different 
kinds of underground stem met with in plants. 

8. How caT] you distinguish between under-ground stem 
and root ? Name the several varieties of under-ground stem 
giving Indian examples of each. 

9. What are (o) tubers* (5) bulbs* (c) corms ? Name 
plants which furnish examples of each of these. 

10. Give an account of the various ways in which 
climbing plants attach themselves to their support. 

11. What is venation and what are its principal forms. 
Illustrate your answer by sketches taken from Indian plants. 

12. What is phyllotaxy 1 What are leaf-mosaic t 
29 
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13. What are stipules and how may they be modified t 

Give examples. ^ 

14. Give the distinguishing characters of a raceme, 
spike, and spadix, illustrating your answers by Ipdian 
examples. 

15. What are the evidences which show that the 
different parts of a flower are modified leaves ? 

16. Describe the microscopic structure of an anther and 
state how the pollen may be conveyed to the stigma of a flower. 

17. Describe and sketch the various forms of ovules. 
What is the embryo-sac ; Describe the changes that take 
place in it before fertilization. 

18. What are the different methods by which pollina- 
tion is effected ? 

19. What are pollen-grains? What is their function? 
Describe their microscopic appearance. 

20. How do you recognise that a certain flower is a 
wind-pollinated flower. What are the advantages and dis- 
advantages of this method of pollination ? 

21. What is the difference between pollination and 
fertilisation ? State the different ways in which flowers are 
pollinated. Give examples. 

22. Write what you know of the fruit of higher plants. 
Give Indian examples. 

23. Describe in botanical terms the edible parts of the 
liohi, the fig, the pine-apple, the mango and the cocoanut. 

24. Give a short account of methods of seed dispersion. 

26, Describe from your own observation the various 

ways in which seeds are scattered. Of what importance is 
dispersion to the species ? 

26. Give a list with drawings of the common cell- 
contents. 

27. What is the protoplasm? Where is it found in 
plants and what are its functions ? How do you test for it? 
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28. What is cellulose ? Where is it found in plants 1 
What are its modification 1 How do ^^ou test for them 1 

29. Describe a typical vegetable cell illustrating your 

answer with diagram. Mention briefly the several ways in 
which vegetative cells multiply. ^ 

30. Draw diagrams of sections through the stem and 
the root of dicotyledonous plants which you have examined 
practically in the laboratory. 

31. Compare the structure of the fibro-yascular bundles 
in the stem of (a) a Monocotyledon, {b) a Dicotyledon, and 
(c) a Fern. 

32. Describe the process of cell-division. 

33. Describe the structure of a typical stem just after 
secondary thickening has commenced. 

34. Draw a diagram of the transverse sections of the 
young root of a dicotyledon. What are the functions of 
the different parts? 

35. Describe the structure of the growing point of the 
root of a dicot plant. 

36. Explain the formation of the r-ing-like markings 
in the wood of a dicotyledonous tree. Why are they absent 
in the stem of a moiiocotyledonous tree. 

37. Describe the tissue elements which you observe 
in fibro-vascular bundles of a Dicotyledon. , 

38. Explain what is meant by the term ^ annual ring ’ 
as applied to woody trees. Describe a ‘ ring * accurately 
and explain its formation. 

39. Make a drawing to illustrate the tissues of a typical 

leaf. Name the parts and state their functions. ’ . 

40. Describe the cellular tissues 'Of a ty pical lOaf.' Give 
a sketch and mention the functions of the various kinds of 
cells shown in your sketch. 

41. ' What are meristeinatic tissues'? Where and how 

are they fortned. ' " 
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42. Describe the structure of leuticels and stomata. 
Wbat is their functions ? Describe the method by which this 
function is performed in both cases. 

43. What is cork f How and why is it formed t Name 
iedian plants in which it occurs conspicuously. 

44. What are starch^grains and where are they found t 
Describe their structure and mode of growth. By what 
mioro'chemical tests may tl^by be recognised ^ 

46. How would you recognise under the microscope 
starch, cellulose, calcium carbonate and calcium oxalate } 

46. Describe briefly how you would investigate the 
nature of elements necessary for plant'life by the water* 
culture method. 

47. What is meant by irritability in plants t What 
manifestation of it occurs in nature ? Of what use is 
it to plants ? 

48. How does the sap ascend through the plant ? Trace 
the course of the tissues through which this process 
takes place — commencing from the roots and ending in 
the leaves. 

49. Describe some methods by which you can demon- 
trate the action of light on the formation of starch. 

60. What is chlorophyll and what is its function 1 
Enumerate the essential conditions under which assimilation 
takes place. 

61. Why do plants transpire? Describe the principal 
organ of transpiration. Mention the conditions necessary 
for transpiration. 

52. Give instances of the sensitiveness of plants 
to contact. 

53. How is turgidity of cells produced and what part 
does it play in the growth of plants ? 

54. What is meant by transpiration ? Describe any 
method by which you can determine the rate of transpiration. 
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55. E^cplain with reference to experimente the tenxis 

geotropisiDi hydrotropism and heliotroi^in. 9 

56. Describe an experiment which' proves that starch 
is manufactured in a leaf only when the leaf is exposed 
to sunlight. 

57. How do green plants obtain their niti'ogen 1 

68. Distinguish between as»mi1ation and respiration 
and describe some simple expeiiments by which it can be 
proved that plants respire. 

69. How does water enter and leave a plant 1 How 
are these events regulated! Mention the importance of 
water to plants. 

60. How do plants obtain carbon! Enumerate some^ 
of the commonest substances found in plants which contain 
carbon. 

61. Describe what happens in the fertilization of flower* 
ing plants after the arrival of the pollen on the stigma. 

62. What happens to the water which plants absorb 
by their roots 1 Describe the structure of a stoma. 

63. Distinguish clearly between a parasite and a sapro- 
phyte and explain how the latter obtains its nourishment. 
Give examples of each. 

64. What is a parasite! Show how the phenomenon 
of parasitism is distinguished from epiphytism and sapro- 
phytism. Give examples of each. 

66. Distinguish between paratonic, variation and spon- 
taneous movements. Explain the terms; chemotropism^ 
nutatioHi hyponasty, phototaxis, and irritability. Give 
examples. 

66. What is growth ! Mention the conditions essen* 
tially necessary for the purpose. 

67. What do you understand by metabolism, cbemotaxis» 
mycorhiza, enzymes, endosmosis, colloids, turgidity, and 
prthostichy 1 
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68. Wrifee a short essay on Rubiaoess. ^ 

69. Define the orders : Solanaoess and Labiatess*^ 

70. How do you distinguish between Rubiaceae and 
Compositse. Give sketches, 

71. How do you distinguish between Malv^ceas* and 

Solanaoess. Give sketches. r./ 

72. Refer the following plants to their Nati^al orders 

and give reasons for your a^iswer : — the Mustard, ^tlre'Melon, 
the Tulsi, the Rice, the Cotton, the Pig, the Banani^.‘ * 

73. Compare the structure of the flower of a Pea with 
that of the flower of the Sensitive plant, and show why they 
are included in the same Natural order. 

• 74. Describe the Natural order Cucurbitacese. 

75. Describe the general characters of the Natural 
orders Labiateas and Rubiaceae. 

76. How would you recognise a Leguminous plant? 
Describe briefly three Leguminous plants which are common 
in Bengal. 

77. What do you understand by alternation of 
generations in the life-history of a plant ? Illustrate 
your answer by reference to .the normal course of life- 
history in Ferns. 

78. In what respects does a Fern differ from a 

Dicotyledon ? • 

79. Describe in detail the sporophyte generation in 
the Fern. Compare it with that of a flowering plant. 

80. Give an account of the life-history of a Moss. 

81. Compare the vegetative and reproductive structure 
of any Alga with that of atiy Fungus known to you. 

82. What is the essential difference between Fungi 
i^nd Aig® ? Describe a Fungs and ah Alga with which 
you are personally acquainted. 

^, “63. .Compare .the sexual reproductions in Spirogyra 
Mucov. 
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84. Defloribe tbe ^ucture aad mode ^ of detelo^ment 
of Spirogy^ft, • * 

S5. Oompare and contrast the modes of reproduction 
and nutrition in Mucor and Spirogyra. 

86» What is Yeast) Describe its 8tracture» life-history 
and mode of multiplication. 

87. 01 ve the outline of any modern system of 
classi^a^n with which you are acquainted. 

88. In , what ways do water-plants differ from land 
plants ) illustrate from your own observation. 

89. Classify leaves and point out how their form is 
adapted to their function. 

90. Write a short essay on vegetative reprodi^ion 
among flowering plants* giving examples. 

91. Describe the process which lead to the oonver 
sion of an ovule into a seed* and state what is the 
difference between albuminous and exalbuminous seeds. 

92. Give a short summary of the various contrivances 
favouring the cross-fertilisation of flowers. 

93. What do you understand by ‘'alternation of 
generation '' ? Does this phenomenon occur among flower- 
ing plants ) 

94. Describe as fully as you can any one of the following 
families .—(a) Gompo8iti\e, {b) Acanthaceae. (c) Graminaceae. 

95. trive ail account of the life-history* with special 
reference to the mode of reproduction* of any fungus you 
have examined. 

96. What is respiration ) Describe some simple ex- 
periment by which you can prove that plants breathe. 

97. Describe the structure of the transverse section of 
a dicotyledonous stem in which secondary thickening has 
just commenced. 

98. How does a plant take in food materials from 
the soil ) 
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99. Describe the various parts o£ a leaf and give au 
aooount of the modihoations they may undergo. 

100. Give an account of the various contento of a grow* 
ing cell. 

101. What is meant by vezmtion of leaves? Give an 
account of the parallel type of venation. 

102. Give a ocmparative account of the indorescences 
of the mustard, the wheat and the oock8*oomb. 

103. What is a fruit ? How do you distinguish true 
finiits from spurious ones? Illustrate your answer by 
examples. 

104. Give an account of the various modes of pmpaga* 
iyiod^of plants by means of roots and stems. 

1 05. What are the normal functions of leaves ? For 
what other purpose leaves may be utilised ? 

106. Distinguish between a root’hair^nd a rooHot, as 
regards (a) structure and (b) function. 

107. What do you understand by root- pressure ? Des- 
cribe some experiment by which you can demonstrate its 
existence. 

108. Write short explanatory notes on the following 
botanical terms : — deliquescent, excurrent, zygomorphic, 
entomophilous, heliotropisra, grafts, saprophytes, guard- 
cells, sieve-tubes, bordered pits. 

109. What is aji inflorescence ? Describe the forms of 
racemose inflorescences that you are acquainted with. 

110. Bnefly describe the life-cycle of a Moss ; and ex- 
plain what you understand by alternation of generations.” 

111. Describe the oharaoteristios by which you recognise 
plants belonging to the Natural order Malvaoete. Mention 
two plants of economic interest that belong to this order. 

112. Give an account of the various plant membera 
that are utilised as reservoirs of food. 

Compare the fibro-vascular bundles in a monoooty- 
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ledoJQOUfl stem with those ia the rhizome of a £erxi> as regards 
distribution and structure. 

115. What is bark? Describe its function and the 
manner 6l its formation. 

116. Describe fully the inflorescence and the flowers 
of Wheat, and draw its floral diagrjsm. 

117. What do you understand by photo-synthesis? 
Describe soihe e:£periment by which you can demonstrate 
the products of this process. 

118. Describe with examples the structure of hypo* 
gynous, perigynous and epigynous flowers. 

119. How does a plant get rid of its waste products ? 

120. Write a short essay on the Asolepiadaceae. 

121. Give an account of structures that exist in plants 
for defensive purposes. 

1 22. How does the Yeast plant differ from a higher plant 
as regards its structure, general mode of life and reproduction ? 

123. Describe carefully the method of pollitmtion of 
the Garden* Pea, illustrating your answer by figures. 

124. Explain, by drawings and examples, the following 
terms : Scape, Caudex, Corm, Stolon, Cladode, Peltate leaf. 
Samara, Anatropus ovule, Siliqua and Sorosis. 

126. What is understood by seconda^ry growth ? What 
is its significance ? Describe the process as seen in the stem 
of a Dicotyledon. 

126. Why are some plants able to keep their leaves 
during the winter, whilst others always lose them % 

127. Describe the microscopical appearance of the 
transverse section of any Dicotyledonous stem that you have 
examined. 

126. Describe briefly the various devices which enable 
plants to grow in (a) moist and (b) dry situations. 

1 29. What are Stomata ? Describe their stinmture atid 
fundtion. 

29(a) 
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ISO. What tionditions are neoeaaary for the formatioii 
of Chlorophyll 1 What is if»m use in plant growth 1 Is it 
invariably present in all plants } ^ 

131. Give an account of the typical forms of Indefinite 
InfiorescencOi giving familiar examples in each case. 

132. Describe the structure of an anatropoos ovule and 
its development into the seed. 

133. Define the Natural order Cyperaoeae and Amarylli- 
daceae. 

134. Describe the circulation of water through a plant. 
How is it caused and controlled ? 

135. Describe the various functions of normal pr modi- 
fied roots and give examples. 

136. Describe the life-history of the Moss plant. 

137. Explain th^ terms tetradynamous, thalamus, apo- 
gamy, anemophilous, saprophytic, epiphytic, xerophytic, and 
chromosome as applied in Botany. 

136. Write a short essay on the Leguminoeae. 

139. Describe the life-history of a moss. Of what 
significance are the two generations which it shows ? 

140. Discuss the importance of watersupply to plant life 
and briefly refer to the modifications of organs presented in a 
few water-plants fpund in the neighbourhood of Calcutta. 

141. Describe the structure and life-history of a Desmid. 

142. Describe experiments to prove the principal facts 
known about assimilation in plants. 

143. Define the following terms with illustrative 
examples : -^tetradynamous stamens, monadelphoos andrae- 
cium, epioalyx, aril, papilionaceous corolla, capitulum, 
interpetiolar stipule, sinuous anther, staminode and glume. 

1 44. How are the feeding processes in plants influen- 
ced by the alternation (a) of day and night and (b) of 
suhimer and winter Y 

146, Give the chief-characteristics of the Natural 6rder 
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Oramioaoeae and mention the plants of eoonoimc value, 

146. Describe in detail #ie sporophyte of a fern. 

147. W|iat is barkt How is it formed! l^esoribe the 
microscopic structure of a section^ showing the typical, for- 
mation of bark. 

1 48* What do you understand by a classification of 
plants ! On what characters does such a classifioation depend! 
Briefiy descnbe any system of classification known to you. 

149. In what different organs may plants store up sup- 
plies of food for future use 1 When, and in what ways, are 
these stores used up 1 

150. Describe the piinei pal shapes of the lamina of a 
leaf. Give familiar examples. 

151. Describe the microscopic structure of a cross-sec- 
tion of the stem of Indian corn. 

152. What is intra-mojeeular respiration! Describe 
some experiment by which you can demonstrate this 
phenomenon. How does it differ from ordinary respiration ! 

153. Describe the various modes of ini^ertion of the 
fioral leaves on the thalamus. Give common examples. 

154. What is yeast! Some yeast cells are put into a^ 
solution of sugar and kept in a warm place : describe the 
changes that may take place in (a) the yeast and (b) the 
solution, 

155. Describe in detail the characteristics of the 
Natural Order Oucurbitaceas. Name the economic plants. 

166. Sketch the different parts of a leaf and show how 
they are fitted to do the different functions. How do 
you demonstrate that leaves manufacture carbohydrates ! 

157. What is a rhizome, and in what features does it 
differ from a root ! Describe the mode of annual grpwth in 
length of the rhizome of any plant. 

158. Give an account of the various kinds of corolla and 
mention the modes of pollination in any two of them. 
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PRACTICAL MICROSCOPY. 

The following instruments are required x — 

.1. A ‘Compound Microsa^ with high and low power lenses. 

2. A Simple Lons^ for rough work. 

3. Cnse containing — 

(a) A Rajgor, slightly Hollow -ground. 
ib) A Scalpei or pen knife. 

(c) A pair of Forceps, Brushes, Needles and Scissors, 

(tf) A few deep JVetch-Glasses. 

{e) A few Glass- Slides and Cotfer- Glasses. 

4. V^ash Bottles, Spird Lamps or gas burners, a few ^lass Basins 
with cover, blotting papers out into pieces 4 in. x 1 in, and packed 
in doecns, Velvet Corks or Elder Pith for sectioning. 

The follow reagents arc necessary. — 

1. Glycerine ; 2, Methylated spirit ; 3, Iodine ; 4. Chloro^ 

*inc-Iodine \ 5. Potash Solution ; 6. Sulphuric Acid ; 7, Aniline 
chloride ; 8. Phloroglucinc j 9. Hydrochloric and Acetic acids ; 
and 10. a few stains, such as Fuchsin (Magenta), Eosin, Andine 
blue, etc. 

For observing the structure of protoplasm and the cell, scales of 
* Onion, leaf of Vallisneria, aquatic roots, pollen -grains, hairs of 
flucumber or of other stem may be taken and examined as described 
in Ch. XIII. 

For observing the structure of cell-walls and their reactions— See 
Ch. XIV. 

For studying the structure of the stem or the root, transvemo 
and longitudinal sections are cut by means of a sharp razor. The 
stem or root is first thoroughly washed in water, then cut into small 
pieces to be conveniently held by the fingers, and the cut surface 
from which sections aie to be taken is made perfectly smooth by 
means of a scalpel or a pen-knife. Materials preserved in spirit are 
preferable to fresh plants, for resins, gums and other matters present 
in fresh materials often stand in the way of getting good sections. 
For sectioning, the specimen is held with the fingers of the left hand 
with the smooth surface slightly projecting, and the razor is worked 
with the right band. A sliding movement is given to the razor so that the 
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blade glides on the specimen from end to end. Only a gentle pressnrei 
if at all, shoald be applied, and ^ith practice, extremely thin sections 
can be obtained. On no account should the razor be used roughly 
or hurriedly or with force. The object is best secured by letting the 
blade glide smoothly ‘ on the specimen, no matter if full sections are 
coming out or not. Complete sections are often unnecessary. The 
surface of the specimen should be always kept moist with water or 
spirit. Some half a dozen or more sections shoald be cut at a time, 
the thicker or dirty ones are rejected, and the very best are picked 
up and placed in water contained in a watoh*glaB6. Sections should 
never be allowed to dry' up. The flicker sections sipk in a short 
time while the thinner ones float longer. These are then carefully 
removed to another watch-glass containing water or the staining 
fluid, if necessary. 

Leaves are rolled up into a compact cylinder, or folded several 
times to foVth a thick cushion, which is held firmly with fingers 
of the left h^nd and a part is cut off to get the smooth sectioning 
surface. The razor is then worked as detailed above. 

The thin sections may then be {it once mounted in a drop of Iodine 
solution on a glass slide, covered with a cover-glass, and observed 
under the low power of the rnicroBcope. The low power is often 
quite Bufiicient for ordinary purposes, the high power of the microscope 
is used only occasionally for observing details. The sections may 
also be mounted Jn Chloro-ziiic-iodine, but the best mounting medium 
is Glycerine for it clears up a section very markedly. The sections may 
be left in strong Iodine sol . for sometime and then mounted in a drop 
of Glycerine and coverc<l with a cover-glass. The method is the 
simplest and best of all and serves for all ordinary observations. 
Stained sections are prepared by putting them in 1 per cent solution of 
staining agents for some 5 min., and after thorough washing, first 
with water and then with spirit, they are mounted in Glycerine, 

In mounting a preparation on the stage of the microscope great 
care should be taken to see that there is no moisture on the stage, 
and that no reagent or even water runs* from the slide to the stage. 
The slide when ready for observation should be wiped quite dry at 
the free parts. Neglect on this point soon wears out the microscope, 
and good result can never be expected. 

Iodine stains (1) lignified cells yellow, (2) suberised and cuti- 
nised cells brown, (3) protoplasm and proteids light yellow, (4) starch 
blue, and (5) cellulose scarcely at all. 

Cfalor-zinc-iodine, a mixture of Zinc chloride and Iodine dis- 
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salted tn Fol|iih -Iodide soln, gives almost the same reactions as 
Iodine bat oellnlose gives a violet .colour, and starch grains swell 
op with it giving a bine mass. 

Alcohol is a clearing reagent as it dissolves resinous and colouring 
matters, such as chlorophyll etc. It also hardens tissues. 

Glycerine is a clearing and mounting medium. 

Potash solution is a clearing agent. It dissolves all cell-coptents 
and so makes a section transparent. 

Sulphuric acid is used for swelling and dissolving cell walls. 
Also for hydrolysing cellulose into amylum and finally into sugar. 
See Chap. XIV. ^ 

Aniline chloride solution turns lignified walls deep yellow. 
Phloroglucine solution (acid) turns lignified walls red. Fuchsin, 
Eosine, Aniline blue arc staining reagents which stain the oelhwalls 
and oell-contcntB variously. 
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GLOSSARY. 

Abscitt-layafi a layer of separation formed at leaf-fall. 

Acauieecent, stemless. 

Accreecant, applied to parts of flower such as the calyx which increases 
in siae after flowering. 

Achanai a small seed-like dry indehisqpt 1-celled, l-aeeded fruit. 
Achlamydaous, used of flowering plants without calyx or corolla. 
Adcular, needle-shaped. 

Actinomorphic, applied to flowers which can be cut vertically into 
equaf halves through two or more planes ; that is, regular. 
Adhasionf the union of parts normally separate. 

Adnata, united or grown together. 

Advaotitious buds, buds produced out of their regular order. 
Aestivation, the folding of the parts of a flower in the bud. 

Aggregate fruit, formed from apocarpous ovaries of a single flower. 

Alee, the two lateral wings of a papilionaceous corolla. 

Albumen, any form of food-matter stored within the seed and about 
the embryo. • 

Alaurone-grains, nitrogenous food-matter stored in the reserve tissues 
of seeds. 

Alga, a chlorophyll-containing class of Thallophytes. 

Amphthioits, plants which can live either in water or in the air. 
Amplaxicaul, leaf is one which clasps the stem so as to surround it. 
Amylum, starch. 

Anatomy, the internal structure of plants. 

Anatropouf. applied to an ovule which is inverted, not straight, 
Andraecium, the collective term for the stamens of a flower. 
Anamophilous, or wind-pollinated. 

Annulus, a row of cells around the sporangium by the contraction 
of which the sporangium bursts and spores are scattered. 

Anther, the part of a stamen which contains pollen. 

Anthocyanin, a coloured pigment found in the cell-sap of the oolonred 
parts of plants, in flowers, fruits, foliage. 

Antipodal cells, a group of three cells at the chalazal end of the 
embryo-sac of Angiosperms. 

Ap^talae, without petals; another naipe of the Incompleta. 
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Apocarpous, when the carpels of a gynoecinm an separate and free. 
Apophysis, a swelling under the base of the theca in some tnOssM. 
Arehegonium, the flask-shaped female sexual organ in higher crypto- 
gams with neck canal-oells and a venter containing an egg-cell. 
Archesporium, a group of cells fiom which spore mother-cells are 
produced. 

Aril, an investment to a seed which arises after fertilisation. 

Asd, a kind of tubular sporangium in certain fungi containing eight 
spores called ascospores. 

Assimilation, process of building up sugar, starch and other matters by 
the protoplasm. 

* Auricuiate, leaf with ear-shaped projections at base. 

Autogamy, self-pollination. 

Awn, a bristle-like appendage, especially in the glumes of grasses. 

Bark, the outer dead covering tissue of thick stems or roots. • 
Basidium, a cell from which spores or conidia are produced by 
abstriction ; formed in the mushrooms. 

Bast, special tissue in the plant-body consisting of the Phloem and 
prosenebymatouB cells. 

Berry, a fleshy succulent fruit with homogeneous pulp. 

Bilabiate, two-lipped, said of a flower. 

Bract, a leaf subtending a flower. 

Bud, the unexpanded young part of a foliar and flowering shoot. 

Bulb, a form of underground shoot with fleshy scale-leaves in which 
food-material is stored. 

Bulbil, a deciduous bud, usually formed on an aerial part of a plant. 
Callus, thick pad of dense protein matter formed in old sieve-tubes. 
Calyptra, the hood on the sporogonium of a moss. 

Calyx,* the outer whorl of a flower consisting c£ sepals. 

Cambium, a layer of tissue formed between the wood and the bark. 
Campylotropous, said of an ovule which is bent like the letter U. 
CapiCulum, a cluster of sessile flowers condensed on a flat receptacle. 
Capsule, a dry dehiscent fruit. 

Carpel, the female ovuliferous leaf of the flower. 

Caruncle, turners or ridges on the surface of the seed-coat. 

Caryopsis, dry indehiscent I -seeded fruit of grass-family. 

Catkin, a deciduous spike bearing flowers of one sex only, usually male. 
Caudex, an unbranced stem as of Palms. 

Caulascenl, having a stem rising above the ground. 

Caiiline, appertaining to the stem. 

the structural unit of which plants are built up, ^ 
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Celi'tnainbraiie, the cell-wall. 

Cell^plata, used of aggregates of cells io one plane. 

Cell-sap, the watery fluid contained in a oelU 

Celloloae, the essential constituent of cell- walls composed of a carbo- 
hydrate, * 

Centrifugal, used to such inflorescences as open their flowers from the 
centre outwards ; definite inflorescences. 

Centripetal, need to such inflorescences as open their flowers from out- 
side inwards ; indeflnite flat-topped inflorescences . * 

Chalazogatnic, applied to fertilisation taking place bj the pollen-tube 
entering the embryo-sac by way of the chalaza and not by the 
micropyle. 

Chlorenchyma, a green chlorophyll-containing tissue. 

Chlorophyll, the ordinary green pigments of plants which help carbon- 
assimilation, present in chloropJasts. 

Cilia, delicate protoplasmic filaments serving as organs of locomotioh m 
certain swimming cells. 

Cladodas, flat leaf-like stem or its branches. 

Claw, a name given to the stalk o| petal. 

Cleistogamic, — ous, applied to inconspicuous flowers which do not opmi 
and are self-pollinated. 

Collective fruit, consists usually of the perianth-leaves, bracts, as well 
as the ovaries of several flowers, commonly of all the flowers of an 
inflorescence united into one. They are all succulent. 

Coilenchyms, a form of mechanical tissue having prism-shaped cells 
whose angles are much thickened. 

Columella, the sterile tissue in the centre of the sporogonium of Moss 
around which the spore-layer is formed. 

Cone, the crowded scales bearing ovules or pollen-sacs in Gymnosperms. 

Conjugation, the union of two gametes or sexual cells resulting in 
a zygote ; a process of sexual union in Algae and Fungi. 

Contorted, used when the corolla is spirally twisted in bud. 

Convolute, a leaf which is rolled up longitudinally in the bud. 

Cordate, heart-shaped. 

Corm, a form of fleshy underground stem like a large bud with scales 
leaves. 

Corolla, aggregate of petals, the coloured leaves of a flower. 

Corona, a kind of ligular structure on petals. 

Cortez, the portion of stem and root external to the vascular tissues. 

Corymb, a flat-topped inflorescence of the indefinite type, 

30 
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Cfanaie, tooth-shaped ; said of the margia of a leaf. 

Crois-fertilisation femlisatiou of the ovules of one tiower hj the ^oUea 
from another flower. 

CfOii-pollination, the deposition on a stigma of pollen brought from 
another flower. 

Cfucifarous, shaped like a cross, said of a flower. 

Cryptogamia, or non-flowering plants which do not show up their sexual 
^ organs. 

Cuticle, a layef on the surface of a plant formed of the cutlnised outer 
surfaces of the epidermal cells. « 

Cystolith, a concretion of calcium carbonate deposited on peculiar 
peg-shaped structures in the epidermal cells of the leaf of Ficus family. 

Cytoplasm, the protoplasmic body of a cell as opposed to the nucleus. 

Daughter-cells, cells which arise from the division of any cell. 

Deciduous, not permanent ; said of leaves and the perianth. 

Decurrent, said of a leaf when the lamina adheres to and runs down 
the stem so as to make it winged. 

Decussate, applied to leaves which are arranged in pairs alternately 
crossing each other at right angles at Buccessive tiers. 

Dehiscence, the mode of opening of a frnit, anther, spore-capsale etc, 

Oermatogen, the embi^onic cellular layer at the apex of stem or root 
which develops the epidermis. 

Dextrorse, used of twining plants which make a clock-wise movement, 
from left to right. 

Diastase, an enzyme or ferment which converts starch into sugar. 

Dichogamy, the maturing of pollen and stigma m a hermaphrodite 
flower at different times to prevent self-fertilisation. 

Dicotyledon, plant with two seed-leaves or cotyledons. 

Didynamous, having four stamens, two short and two long. 

Dioecious, unisexual, the male and female flowers being on separate 
individuals. 

Divergence, applied to the angle between the insertion of succeBsive 
leaves on a stem. 

Dormant buds, are those which arise in the leaf -axils in the usual way 
but which do not forthwith expand into shoots. They remain often 
many years until stimulated into activity by some special event. 

Drupe, succulent fruit with hard stony endocarp enclosing a single seed. 

Ducts, canals formed by the fusion of a row of cells. 

Ectoplasm, the hyaline outermost layer of protoplasm in a cell. 

Egg'ccll or ovum, the female generative cell. 

Embtyo-iac, the large cell in the nucellue of an ovule, in which 
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the egg«oeU aad oMmately the embryo ariaei. 

Endoplaem* the soft iomr graaolar protoplasm i>{ a cell, 

Endosmosit, the transmission of floids throogh porous memhcaaes from 
the exterior to the interior. ' . 

Endosperm, the tissue which grows igithin the emhryoHUO of flowering 
plants after fertilisation and which is stored with food^matertels 
for the embryo. 

Endospore, asexual reproductive cell formed within sporangia. 

Entire, un toothed ; said of the margin of a leaf. 

Entomophiloui, inscct^pollinated. 

Enxyme, ferments found in seeds, etc,, as diastase, pepsin. 

Ephemeral, short-lived, 

Epicotyl, the pare of a seedling plant above the cotyledons. 

Epidermis, the outermost layer of cells in a plant body. 

Epigeal, growing above the ground. 

Epiphytes, plants growing attached to other plants (aarial). * 

Equitsnt, leaves folded lengthwise and sitting astride one another. 

Ethereal oils, formed in cells of odoriferons plants. 

Evolute, turned back. 

Exosmoaii, the transmission of fluids through a porous membi'ane from 
the interior to the exterior. 

Extine, the outer coat of a pollen-grain or spore. 

Extrorse, applied to such anthers as open towards the onter whorls of 
a flower. 

Eye, an undeveloped bud on the surface of a tuber. 

Fascicle, dense cluster of flowers, leaves, roots etc. 

Ferment, a substance produced by the protoplasm which induces 
chemical changes. 

Fertilisation, the process by which the pollen reaches and acts upon 
the ovule Anally uniting the male and female plasmas. 

Fibrous layer, the thickened portion of the anther- wall which brings 
about dehiscence. 

Filament the stalk of an anther. 

Filiform, thread like.* 

Fimbricate, fringed by tine sab-divisions of the margin. 

Flagellum, the whip-like filament of protoplasm which serves to move 
the cell about. 

Floret, the single small flower amidst a cluster of flowem in a compact 
inflores^nce. 

Flowering-glume, the outer of tbg two chaflpy scales provided with own 
which enolose the flower of gramiuaoes?. 
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Follicle, a 1 -carpel debisoent fruit opeaiog by the Tentral suture. 

Foot, the sucker by which a young fern plant is attached to the 
prothaUium and draws nutriment. 

Fungus, a cellular cryptogam haying no chlorophyll. 

Funicle, the stalk of an oyule or^^eed. 

Fusiformi epindle-shaped, tapering both ways from the middle. 

Galeate, helmet-shaped. 

Gametangia, cells from which gametes are developed. 

Gamete, a sexual cell. ^ 

Geitonogamy, crossing between separate neighbouring dowers growing 
on the same plant. • 

Gemma, a small undeveloped bud. 

Gemmation, the act of budding. 

Generative cell, the cell in pollen-grains which ultimately fertilises 
the egg-cell. 

Genetic spiral, the spiral line passing through the points of insertion 
of successive leaves on the stem. 

Genus, an assemblage of very nearly allied species of plants. 
Geotropism, the tendency of plants to grow towards the earth. 
Germination, the process by which the embryo of a seed grows up into 
a young plant. 

Glabrous, smooth, without hairs. 

Glandular, bearing glands or like a gland. 

Globoid, the tiny mass of phosphate of magnesium and calcium often 
found in aJeu rone-grains. 

Glomerule, a cymose inflorescence, formed into a bead. 

Glumer, the chaff, bract like scale on the ioflorescence of graminacese. 
Gynoccium, the carpel of a flower or all the carpels collectively. 
Gynophore, the stalk-like internode supporting the gynoecium only. 
Habit, the general appearance of a plant. 

Habitat, geographical position or residence of a plant. 

Hastate, dart-shaped or like an arrow-head. 

Haulm, the stalk of a grass of any kind. 

Hauatoria, the sucking root of a parasite, oAimilar food-absorbing 
organs. 

Helicoid, one-sided cyme coiled circinnately, 

Herkogamout, where self-pollination is prevented by suitable contri- 
vanoes in homogamous flowers. 

Hermaphrodite, flowers with both stamens and pistil. 

Hatarogamous, bearing two kinds of flowers which differ Anally. 
Hetarophyllouf, bearing leaves of moia than one form on the stem. 
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Heteiosporouit having spores of differsat kinds, especially male 
and female. 

Heterostyle^, where the styles and stamens of a flower ace of different 
lengths. 

Hilum, (1) of straoh grains : the centre around which the stratifica- 
tions are deposited ; (2) of a seed : the scar left at the point of 
attachment of the seed when it falls off. 

Hirsute, having rather coarse or stiff hairs. 

Homogamous, bearing only one kind of flower, either male or female ; 
also when both the sexes in a mature at the same time. 

Hotnosporout, having spores of similar kind. 

Humus, a soil composed of decaying and rotten vegetal matter. 

Hyaline, transparent like jelly. 

Hybrid, a plant resulting from the cross-breed of two different species. 

Hydrophytes, plants which live in water. 

Hydrotropism, the particular irritability of the roots of plants to grow 
and move towards moisture. 

Hymenium, the spore-bearing surface of a fungal receptacle. 

Hypha, the filaments of the thallus of a fungus, 

Hypocolyl, the part of a stem below the cotyledons. 

Hypocrateriform, salver-shaped ; used of a corolla with a long tube 
and expanded flat limbs. 

Hypogeal, underground ; said of the cotyledons during germination. 

Hypogynous, used of a flowei when the sepals, petals and stamens are 
inserted on the thalamus below the ovary. 

Imbricate, overlapping like the scales of a fish. 

Imparipinnate, pinnate with a terminal leaflet. 

Incised, cut irregularly and sharply. 

Indehisccnt, not opening, said of fruits. 

Indusium, the scaly outgrowth of a fern leaf enveloping thesorus. 

Interior, lower or below ; said of the members of a flower. 

Inferior ovary, where the ovary is adnate to the calyx tube and the 
sepals become epigynous. 

Inferior calyx, where tjje calyx is free from the ovary which is 

Inflated, bladdery. 

Inflorescence, the actual cluster of flowers or their mode of arrangement 
in the flower-bearing part of a plant. 

Infundibuliform, funnel-shaped, said of a gamopetalous corolla. 

Innate or basiflxed, where filament is attached to the base of an anther. 

Insectivoroi^ plants, are those which catch insects and absorb their 

Integumant, the outer coatings or envelopes of an ovule, 

S0(o) 
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Imetiiode, the portion of a etem between the nodea or the pointe 
of inaerticm of leaves. 

Intitie, the inner layer of the wall of the pollen -grain. 

Introrae, said of an anther dehiscing towards the centre of the flower. 

Intussusception, a method of growth of the celi-wail whereby new 
particles are inserted between those already present. 

Involucre, a circle of bracts surrounding a dense cluster of flowers* 

Involute, rolled inwards ; said of a leaf in bud. 

Isogamy, sexual union between two equivalent gametes, found in Algae 
and Fungi. ♦ 

Labellum, a peculiar floral leaf in the flower of Canna family. 

Lamella, a thin plate as in the gills of Mushrooms. 

Lanceolate, lance-sbaped ; said of a leaf. 

Latex, the milky, white or coloured, plant-juice. 

Laticiferous, containing latex. 

Leaf-axil, angle between leaf-base and stem. 

Legume, the dehiscent fruit of Pea family ; monocarpel lary and 
breaking into 2 valves. 

Lichen, an organism consisting of some algae and fungi living together 
in a life- partnership to their mutual benefit. 

Lignin, the substance present in the walls of woody cells which make 
them hard. 

Ligule, the thin scaly outgrowths of the leaf -sheath of grasses ; a 
tongue- like projection. 

Ligulate, iongue-Hke ; said of certain flattened flowers of Compositse. 

Liverwort, the lower family of plants under the Bryophytes. 

Lodicules, tiny scales, usually two in number, which represent the 
perianth in the minute flowers of the grass-family, 

Loment, a transversely constricted legume which breaks up into l-seed- 
ed parts, as in%cacia family. 

Macrospores, opposed to microsporcs , the large (female) spore of 
heterosporouB plants ; in phanerogams it is the embryo-sac. 

Medulla, the pith or central parenchyma of the stele. 

Mericarp, one of the two seed -like parts into* which a schizocarp 
breaks up. 

Mftristem, embryonic tissue found at all growing parts of plants, 

Mesophyll, the parenchymatous ground tissue of a leaf. 

Metabolism, the chemical changes which take place in a living active 
protoplaam ; it may be either a constructive process when it is called 
anabolism, or a destructive process called catabolism. * 

Micfui^ytc, the opening iq the integuments of un ovule through which 
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the pollen tube pAflaeg to the embryo- sac. 

Microsporea, opposed to macrospores, the smaller (male) spores of 
heteroBporouB plants ; in phanerogams, the pollen grains. 

Monadolphout, of one brotherhood ; used of stamens when they are 
all united together by their filaments alone to form a tube. 

Monandrouf) with one stamen. 

Moniiiform, like a neoklaoe or string of beads. 

Monocarpeltary, consisting of but one carpel 

Moiiocotyledonoiis, having only a single-cotyledon or seed-leaf. 

Monoecious, having male and flmale flowers on the same individual 
plant ; opposed to dioecious. 

Morphology, the science of forms ; that department of Botany which 
deals with the form# alone of the plant-body, excluding its develop- 
ment, functions, etc. 

Mycelium, the filamentoas vegetative body of a fungus which raifii- 
fies in the substratum on which the fungus lives. 

Mycorhixs, a root invested by a mantle of fungal threads which 
behave like root-hairs ; a case of symbiosis in many forest-trees. 

Nectary, a honey -secreting gland orb boney-sac in a flower. 

Neuter flowers, those without stamens and carpels. 

Node, part of a stem at which a leaf is inserted. 

Nucellus, the tissue of the ovule inside its coats which contains the 
embryo-sac. 

Nuclear plate, the plate of chromosomes which forms in the middle 
of a nuclear spindle when the nucleus is dividing. 

Nucleus, a specialised part of the protoplasm which acts as its organic 
centre, guiding, directing, controlling its whole activity. 

Nut, a hard indehiscent l-secded fruit resulting from a polycarpellary 
ovary. 

Nutation, spontaneous changes in position of all gro\0ig organs. 

Obovate, inversely ovate i.e., the broader end at the apex. 

Ooplasm, the female plasma. 

Oospore, a fertilised egg-cell. 

Operculum, the lid of a Moss capsnle. 

Order, a group of nearly allied genera related to one another by 
structural characters common to all 

Orthostichies, vertical ranks of leases on the stem. 

Qrthofropous, vertical ovule with mioropyle, nucellus, chalaua, 
and funiole all lying in a straight line. 

Oamoeis, the phenomenon of liquid diflusion through a jyorous mem- 
brgue snqb t^s oeil-wftU, 
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Otwry, the ewoUen part of the pistil oontaining the ovules. 

Ovttliy the rudiment of the seed being the macrosporangiumi oontaming 
the single macinspore) the embryo-sac . 

Ovnliieroiiii bearing ovules. 

Palea, the chaff -like bracts of grass-flowers >-and of the compositas. 

PaUaada-celU, the upper green cylindrical cells of the mesophyll of a 
<ior8i*ventral leaf differentiated from the lower spongy cells owing 
to difference in Illumination of the two sides. 

Palmate,, radiate like the fingers of the outstretched palm. 

Paitkia^ a compound loosely much- branched inflorescence. 

Papilionaceous, like a butterfly ; applied to the flower of the Pea 
family. 

PappuSf a hairy or feathery development ot the calyx-segments of 
plants of the sunflower family^ which promote dispersion of the 
tiny secd-like fruits. 

Paraphyaes, sterile filaments accompanying the sexual organs in 
mosses or the asci, basidia, and other fertile cells of many fungi. 

Parasite, a plant which lives upon and obtains nutiiment from the 
tissues of a living plant. 

Patastichias, secondary spiral lines formed by crowded leaves on a 
short axis, as in pine-apple or pine-cone. 

Parenchyma, thin-walled soft tissue of a plant. 

Pedate leaf, one like the claw of a bird. 

Pedicel, the stalk of a single flower, as opposed to peduncle. * 

Peduncle, the primary flower-stalk supporting either a flower-cluster 
or a solitary flower. 

Peltate, shield-like ; said of leaves when the petiole is attached to the 
under-surface of the blade and not to the margin. 

Perennial, lasting year after year. 

Perfect flower, ba\^ ^ all the ordinary organs of a flower. 

Perfoliate, a leaf appearing as if perforated by the stem. 

Perianth, applied to floral leaves especially when it is not easy to 
distinguish calyx and corolla. 

Periblem, the embryonic tissue of the primary meristem of the growing 
apex from which the primary cortex arises. 

Pericarp, the wall of the mature carpel or their fruit. 

Perichaetium, the whorl of leaves at the top of the Moss stem which 
form a flower-like structure, enveloping the afebegonia and 
antheridia. 

Pevigynmie, around the ovary and not at its base, said of a flower. 

Pariapermi the tissue of the nuoellus of the ovule outside the embryo- 
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; g»e in which food matter is stored tor the fatare tise of the einhyro, 

Pwislome, the ring of teeth around the s^th of a Moss eapsule. 

Pedthociaiii«.t^e dask-shaped cavity in which asci arO produced fa 
certain fungi. 

Personate, said of an irregular 2-lipped corolla with the throat closed * 
hy a projection of the lower lip. 

Petal, e»ecrolia-leaf. 

Petiole, the stalk of a leaf. 

Phanerogamia, dowering plants, plants which show male and female 
organs. 

Phloem, the soft outer tissue of a vascular bundle eontainmg mainly 
sieve-tubes and oompaoioa cells which carry assimilated matter. 

Phyllode, a flattened petiole assaming the form and function of a 
leaf-blade. • 

Phyllotaxis, leaf arrangement; order of distribntion ^ leaves on the stem. 

Pinnate leaf, a compound leaf with leaflets arranged on either si^ 
of a common rachis or petiole. 

Pianati'fid,*partite,-8ect, said of the marginal incisions of a simple 
leaf according as it is slightly cut or deeply parted or almost 
divided. ' 


Pistil, the female organ of a dower consisting of an ovary, stigma and 
style (which may be absent). 

Pistillate, said of a female flower (which has no stamens). 

Pitcher, a tubular or excavated leaf or rather petiole oontainiDg a 
liquid ; pitcher plants are insectivorouB. 

Pith, the medulla or centinl cellular tissue of a stem or root. 

Pits, thin plates on a thickened cell-wall. 

Pitted cell, cells marked by many pits. 

Placenta, the part of the carpel or ovary which bears the ovules ; ^ 
ferns, the part of Hhe leaf tissue which bears the B||^rangia. 

Plicate, plaited, folded lengthwise into plaites. 

Plumule, the first bud or rudimentary shoot of an embryo. 

Pod, a dry dehiscent elongated fruit, a legume, 

Pollen, the male spores or cells contained in the anther. 

Pollen-tube, the tube produced by the pollen grain on germination on 
stigma wbich^ carries the male plasma in it. 

Pollination, poll^ arriving at a mature stigma for germination, 

PoHinie, masseaof coherent pollen grains ; singular pollinlum. 

Polyadelphous, said of stamens which form many bundles of fllamenta, 
the anthers being all free, 

Polycarp^Ilaxy, having or oonsirting of a number of oarpels, ' 
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Pt^yMimlput, hwing free petal* or aepaU, ae oppowd 
« > to«gttiaopetaloufi» ^amosepams. 

P0m«) a kind of fleshy f rait of vvbich the Apple and Pear a^ types. • 
p0rait«, used of dehisoene of anthers and fruits eto.^ by mehne of pores 
or small holes. 

PficklOv a sharp-pointed prooess of the epidermis which may be easily 
pulled 'out. 

Pfotandfous, flowers which mature their anthers before the utigma, 
opposed to 

Protogyoous, flowers which mature their stigma before the anthers^ 
Proteid».^I*rOtcin,.a series of nitrogenous matters of complex composition 
produced by the protoplasm. 

Prothallus, the structtigre produced by the germination of the spore 

V which bears the sexual organs. 

Protonemai filaments produced by the germination of moss spores 
fTonr'whi 0 h->the leafy moss plant arises by budding. 

Protoplasm, the living substance of plants and animals. 

Pulvinus, an enlarged tissue at the base of a petiole at its point of 
. insertion on the stem ; found in the Leguminosas. 

Ptibescent, covered with soft down-like hairs, 

Pyronolds, refractive bodies imbedded in the chlorophyll of certain 

V V green algse, especially of conjugats. 

Raceme, an indefinite inflorescence with a long axis and pedioelled 
flowers. Racemose, in racemes, or like a raceme. 

Radiis, tbe^ main axis of an indefinite inflorescence or of a compound 
leaf. 

Radical, belonging to or arising from a root or the subterranean portion 
0l tfia sj^m. 

Radicle, tl^e rudimentary yoot of an embryo. 

Raphe, the ridj^ of an anatropous ovule which represents the part 
of the fnnicle adnate to the ovule, 

Raydlorem, tbe^inavginal flowers of a dense head of flowers. 

Receptacle .of flower, the short or flattened axis upon which the 
various floral members are inserted ; the thalamus, 

Reniform, kidney-shaped. . 

Repand, slightly wavy or undnlailpg. 

Replinn, the persistent li^me- work of the placenta which remains 
beliiiid in some cruciferous fruits d|ter the valves have fallen away, 
Hoiia-diKt, an inter-cellular passage into which resin is secreted and 
^ stored, 

^igyiindoM, or ttreotUn,. a prooeM by wliiob tbe pU«t takm m 
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£poia tb« air aad giiraa roat oavbon^ 
exactly as manimalB; by thia prooeaal^tie yram 

and to carry out nutritive faactioat. 

RaticaUda, in the iorni of network.. . ^ ^ 

Revolttte, rolled backward from the margina. 

Rhixolda, hair-like filaments of lower planta which act like < ; 

Rhizomw, underground creeping stem usually rooting at the nodes and 
' becoming erect at the growing end. . , , , 

Rib, a vein of a leaf. 

Ringent, gaping, said of a bilaldate corolla. » 

Root'Cap, the cellular tissue forming a cap-like mantle at the ^»ex 
of a root. 

Root’ttock, same as rhizome. 

Rotate, wheel-shaped ; said of a regular gamopetaloos ockroUa with 
cironlar and spreading limbs. ; . . . 

Runner, a filiform prostrate branch running on the ground and 
rooting at the nodes. 

Saccate, sac-shaped ; bag-like. . . 

Sagittate, arrow-shaped, said of leaf with two basal lobes turned 
downwards. 

Samara, an indehiscent winged fruit. 

Saprophyte, a* plant which grows on dead and decaying organic matter 
Scape, a peduncle of an acaulescent plant bearing flowers. 

Scarioos, thin, dry and membranous. 

S€^»ioid, said of cymose infioreseenoe which has flowers on alternate 
^des on a false axis. 

Schizocarp, a frnit which breaks up into l-seeded phrts. 

Sclerotic cells, hard thiok-walled stone-cells of irregular form. 
Scutellum, the peculiar cotyledon of the embryo of grass family. 

Seed, the f fertilised and matured ovule containing the embryo. 

Sepals, the first or outer green leaves of a flower. 

Septate, divided by partition walls. Septum, a partition wall. 
Septxddal, dehiscence of ‘capsule taking place through ' the. splitting 
op of the septa of the ovary. 

Serrate, like the teeth of a saw. Serrulate, finely Serrate. 

Sessile, withoR; stalk, said of a leaf or flower. , . r 

Seta, the stalk of the spore-capsule of a Mom, • 

Sl^eatfi, a tubular envelope. 

Sieve-plate, the area or portion ef the wall of ^ a sieve^tnbe pmfemted 
by fine pits. 

JHeve^hai the most important tissue at the' phloem, oomMUiS Qf 
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elOAfBrted articulat^i^v oellfl oommaniea^ng with each othei* by 
means ot namerons pits m their common walls* 

SilicaUi a ^ort indehisoent siliqua.' 

^tiqiia« the dehiscent fruit of the Alostard family, characterised by the 
persistent placenta called replnm. 

SUdetrorsa, used of twining stem which turn from right to left* . 

Sattts, a cluster of sporangia. 

Spadisi a fleshy spike. * 

Spathe, a large bract-leaf sheathing a spike or spadix. 

Species, all individuals of common ancestry and similar vegetative 
and floral characters ; the unit of classification. 

Spermatoplasm, the male sexual plasma. 

Spermatozoidt ciliated male sexual cells of lower plants. 

$pike, an indefinite infioresoence with sessile fiowers on a long rachis. 
Spine, a Bharp*pointc<l body arising from or forming a part of a leaf. 
Spore, a reproductive cell which is detached from the parent and 
develops a new individual separately. 

Sporangium, a spore-sac or spore-case. Sporangiophore, the stalk of 
a sporangium. 

Sporogonium, the spore-capsule of mosses. 

Spcrophyte, that stage in the life cycle of a plant which bears spores ; 

also spore-bearing plants, as opposed to seed-beariog plants. 

Spur, a hollow sac-like part of flower used as a nectary. 

Stamen, the male organ of a flower producing the male spores called 
polten. Staminode, a sterile stamen, a filament without an^er. 
Standard, the upper large petal of a papilionaceous flower. V 

Sterigma, the tubular ceil from which conidia are abstricted, found 
in fungi. ♦ 

Stigma, that portion of a pistil which receives the pollen. 

Stipe, the stalk-like suppott of the ovary Stipitate, having a stipe, 
Stipulea, paired foliaceous appendage ot the leaf-base. 

Stolon, a short procumbent stem with buds rooting at short intervals 
and producing serial shoots. 

Stoma, an epidermal pore through whioh plants communicate with the 
air, bounded by two special cells called guard-cells which regulate 
the opening. P 

Styles the stalk-like prolongation of the ovary upon which Is formed 
the atsgma. P 

Sttdcnr, bmch shoot arising from a subterranean base 
Sijmpaimor» the row of cells ptoduced by the fertilised ovum at the end 
which the embryo arisee. 
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Swarnitpore,, motile, ciliated, naked asexmal^IWQdiiotive cells of lower 
plants. 

Symbiosisy an asBociation of two organisms living tu intimate connec- 
tion, both contributing to their mutual advantage ; a life-partnership. 

Sympodsal, having the axis formed of sevexal branch axes. 

SyticarpouB, (pistil) made up of two or more united carpels. 

Synergidae, two naked cells situated along with the egg-cell at the 
hoioropylar end ot the embryo-sac, and assisting in the passage of the 
male cell of the pollen- tube to the egg-cell. 

SyngenesioUs, stamens with anthers united and filauumto free. 

Tendril, a filamentous organ borne on the stem which is sensitive to 
contact and by means of which a plant climbs. 

Tentacle, an irritable hair or emergence of a leaf, with or without a 
glandular tip, which is highly sensitive to contact. 

Ternate, used of compound leaves with three leaflets, one terminal and 
two lateral. 

Testa, the integument of a seed, often arising from the outer of the two 
coats of the ovule. 

Tetradynamous, used of stamens when there are six of which four are 
longer than the other two. 

Thalamus, the floral receptacle bearing the floral members. 

Thallus, an undifferentiated vegetative body without showing any 
distinction of its parts as members. 

Thalloid, of the nature of a thallus. 

JTiisue, an aggregate of cells having the same origin, development, 
structure and function. 

Tomentoie, covered with a dense outgrowth of woody hairs.' 

Torus, the thalamus of the flower ; also the thickening on the mem- 
brane of cell-wall which bounds a bordered pit. 

Tracheides, elongated thick-walled lignifled water-conducting cells of 
plants. 

Transpiration, the act of giving out aqueous vapour from the foliage 
of a plant. 

Truncate, appearing as if with the head or tip cut off. 

Tuber, a ^ickened subteiiancan branch or stem with numerous small 

buds, cahed eyes, on the surface. 

Tttbetcle , a small tuber-like excrescence on the stem. 

Tunicated, having conoentA coats or covering layers. 

Turgidityi Tui'gescence, the state of tension set up within a cell owin^ to 
endosmotio pressure of the vacuolar sap upon the elastic oell«wa11 

Umbel, an indefinite inflorescence in which the flower stalks arise all 

31 
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from the same point. UoibelHformi an umbel, 

Uaguiculatei oiawed ; like a claw ; said of petals. 

Unisexual, of one sex, containing either the male or the female organ. 

Urceolnte, urn-shaped ; i.e., hollow and swollen but contracted near 
the mouth . 

Utricle, a small one-seeded frnit with a loose inflated bladdery pericarp ; 
any raall bladder-like body. ^ ^ 

Vacuole, the cayity inside the protoplasm containing the oell-sap. 

Valvate, in mstivation, the arrangement of the leaves in bud when 
they just touch each other by the margins but do not overlap. 

Valve, the pieces into which a capsule breaks up ; the flaps in a 
dehiscing anther. 

Valvular, opening by valves, said of dehisoeuce of fiuits. 

Vascular, pertaining to vessels or ducts. 

Vascular bundle, the long conducting tissues of plants carrying both 
raw and assimilated food matter. 

Veins, the strands of vascular bundles found in leaves. 

Venation, the arrangement or mode of distribution of veins in a leaf. 

Ventral, belonging to the inner face of an organ. 

Vernation, the arrangement of leaves in a bud. 

Versatile, said of an anther attached by a point at its middle to the 
filament, so as to be able to turn freely on all sides. 

Verticillate, whorled, said of leaves arising from the same node. 

Vessel, « rovr of long cells fused so that the transverse walls are 
ab^rbed so as to form a long continuous tube. • 

yilloUs, bearing long and soft hairs. 

Viscid, glutinous, sticky, often said of a ripe stigma. 

Whorl, arrangement of leaves arising in a circle round the stem or 
axis. 

Wing, a membranous expansion on the surface of fruits, seeds etc ; 
also the lateral petals of a papilionaceous corolla on which the bee 
usually alights. 

Wood, the hard lignified portion of the vascular portion of a plant. 

Xenogamy, pollination between flowers growing on t/ifPerent individu- 
als of the same species. 

Xylem, the woody portion of the vascular bundle. 

Zygomorphic, irregular flowers capable of division into two equal and 
similar halves along only one piano of symmetry. 

Zygospota, a spore formed by the union of two similar gametes. 

ZygoMi* i“watie as aygospore, bometiraes extended to include also the 

olHiipbne, 
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NAMES OF PLANTS 

mentioned in the Book with their Botanical and Vernacular tyAenymat 

Th$ name of th^ plants as mentioned in the book is gfven first &t bold type; (bot) 
indicates the Botanical name ; (b) HmdusthanU (b) ^aigaht (m) MarhattU (l$) Gvjratiy 
(bom) Bombay^ 0^) Kanarese, (t) Tamih (te) Telugu^ and (s) Sanskrit, 

Acaciai—See Babla. 

Aconite (e), Aconitum ferox (bot), Kat-bish (b), Baohndg (m), 
Vashanavi (t)» Vashnabhi (k), ahingadio Vachnag (gX 

Agave Americana (bot), The Century plant (e), HakaB patta 
(d), Kantala (h), Murga or Bilati Anariash (bom), Bthakalabuntba 
(t), Kakasiraatalu (te), JungHkunva (g), Bhuttale budukattalenari (k). 

Akanda (b), Calotropis Gigantea (bot), Madar (h)t Arkam 
(m), Erukku (t), Yekka, yokkda (k), Jilledu, raaudaramu (te), 
Alsado, akdamu jhada (g). 

Alkooahy lota, See Guscuta. 

Amada (b), Curcuma Amada (bot), the Mango-ginger (e), 
Am-huldi (h), Amba-halada (ra), Miamidi-allum (te), Kajura gaun 
(bom), 

Amra (b), Spondias mangifera (bot), Ambara (h), Amralak (s) 
Kuttuma (t), Hog- plum (e). 

Amherstia nobilis, an imported plant now cultivated in the 
gardens for its beautiful bunch of tiowers. 

Amrool-shak (b). Oxalis Corniculata (bot), Chukirka, Amboli 
(h), Puli-Chuitiiku (te), Puliyavi (t), The Indian Sorrel (e), Bbiu- 
sarpati (bom), Pullam purachi sappu (k). 

Antirrhinum majua (bot), the Snap-dragon (e). 

Apang (b), Achyranthes aspera (bot), Lal-jira, Chirchira (h), 
Apamarga (s), Aghada (bom), Apamargamu (te), Mayurivi (t), Kutri 
(g), Utrani (k), Prickly Chaff-flower (e). 

Aparajita (b), Clitoria ternatea (bot), Pintana (te), Kakka* 
namkodi (t), Kaiali, gokaran (bom), Viahnu Karanti (h), Gokar- 
namuly Vishnu (k). 

Aroid or Arum,— See Kueboo. 

Aaoka (b), Saraca indica (bot), Asogy (h), Asogam (t), 
Asbunkur (k), Jassoondi, asoka (bom). 
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A«panigm9«^See Satamuli* 

Ata,— CuBtard-apple. 


Babla (b)i Aoacia arabiaoa (bot)» Babla (h)i Nallatummai 
Tumma-chettu (te), Karu-Veylam (t), Babhul (m), Kali- 
kikar (dec). 

Bael (b), Aegle MarmeloB (bot), Bilva (s), Bol Sriphal (h), 
Bil, Bila (m), Beli (t), Maredu, Vilva-pandu (te), Bila-patri (k). 

Bag-bharenda (b), Jatropha Curous (bot), Jangli-arandi, 
gafodind, (h), Aadivi amudamu, nepalam (te,) Kattamanaku (t), 
Yerand, jepal (bom), Magali-eranda (m). 

Baikul (c.p), Gymnosporia Montana (bot), Gaja-ohinni (c.p), 
Danti, hedda-chintu (te), Zekadi (bom), Talkar, Kharai (punj), 
Kakra (m), Kingari (h). 

Bakash (b), Adhatoda Vasica (bot) Arusha (h), Addasaram 
(te), Addtodai (t), Malabar nut (e), adulasa (bom). 

Bakphul (b), Sesbenia grandidora (bot), Agasta (bom), Agati 
t), Avisi (te), Agase (k), Basna (b). 

Balsam (e), Impatiens Balsamina (bot), Dopaty (b), Gulmendi 
(h), Kundalu-Kola (s.i), Torada (bom). 

Bamboo (e), Bambusa (of several species) Bans (h&b). 

Banana (e), Musa paradisiaca (bot), Eala, (b), Kela (h), 
Monz, Kel (m), Vazhaip pazham, Valai (t), Arati, Kadalamu (te). 
Bale, Bale-naru (k). 

Baia-pana (b), See Pana. 

Baxbaty (b), Vigna catjang (bot), Rajamasha (s), Lobiya, raish 
(h), Chowlai (m), Caramunny-pyre (t), Boberlu, alu-sundi (te) 
Alasandi, Tada-gumy (k). 

Basil, —See Toolsy. 

Belphul (b), Jasminum Sarobac (bot), Mallika, Mugra (h), 
Mullippa (t), Mogri, (bom), Mullige (k). 

Bena (b), Andropogon muricatus (bot), Khus-Khus (b), 
Vettiveer (t), Kuruvmru (te), Usir (s), Yala (m), Vais (g), 
Lavancha (k). 

Berala (b), Sida cordifolia (bot), Kharati, Bariar (h), Chiokna 
(m), Chiribena, tettaguracbettu (te). 

Beiberis asiatica or Berberis aristata (bot), Darubaridra (b), 
Oarbold, rasvat, Kashmal (h). 

Betel plapt (e)» Piper BetJe (bot), Tambula (s), Pan (b,h,) 
vettile^ (t), Tamal-pakoo (te), Nagavela (bom). 
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Bhoi Champa (b)) Eaempferia rotunda (bot), Bhuoham 
pakatnu (te), Eondakalava (tX Bhumichampak (s). 

Bhuban-bilasy lata (b) ^ugainvillea spectabilis (bot). 

Bhela (b)> Sdmecarpous anacardium (bot)» Jeedivithula (teX 
Shenkottai (t), the Marking-nut tree (e), Bhela (h), Bibba (bomX 
Bhiamu (g). 

Bichuty (b), Fleuria interrupta (bot), Barhanta (b). 

Bija-Sal (b), Pterooarpous marsupium (bot), Bija, peeHhola 
(h), Bibla, huni (bom), Kandamiruga-mirattam (t), Gandamrogam- 
nettura, peddagi (te). 

Brinjal (e). Solarium Melongena (bot), Begoon (b), Baigun (h), 
Wangi (dec), Euthire kai (t), Venga-chiri-Vangu (te), Vange (bontX 

Brownea Hybrida, an American plant introduced and oultiva^ 
ed in our gardens. 

Bryophyllum (e), Bryophyllum oalycinum (bot), Pathur 
kuchi (b), Eop-pata (b), Malaikali (t), Simajamadu (te), AMtavan'* 
Mahiravan (bom). 

Bullock's heart (e) Anona reticulata (bot), Nona, (b) Louna, 
Bam-phal (h), Rampbal, Ram-sita, Ramsitu-plam (t,te) 


Cajuput tree (e), Melaleuca leucadeiidron (bot), Eayaputi (h), 
Kijaputo (t), Kayakuti (bom). 

Candy-tuft (e), Iberis (several species), a cultivated showy 
winter annual of the gardens. 

Canna (e), Ganna indica (bot), Sarvajaya, Savjaya (h), 
Erishnatamara (t), the Indian shot (e), Kullvelermami (t), Devakeli, 
Kaiidali (m). 

Castor oil plant, See Ricinus. 

Cape Gooseberry, See Tepari. 

Carrot (c), Daucus carota (bot), Gajara (h&b), Maujal- 
mullangi (t), Pitakanda (te). 

Chal-kumra (b), Benincasa cerifera (bot), Petha, Gokkoddu (h), 
Kohala (m). Bhuru-kolu (g), Kobala (bom), Kalyana-pushinik- 
kay (t), Pendli-gumaddi-kaya (te), The white melon (e). 

Chalta (b), Dillenia indica (bot), Chilta (h), Mothe Earamala, 
Karambel (bom), Uva (t), Uva, pedda (te). 

Champak (b), Michelia Chamuaka (bot), Sampagni-puvvu (te), 
Shampaiig (t), Sampagehuvon (k), Champa, Champaka, Swarna- 
Champa or Sona-chapha (b,h,m). 
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Chimdra-maUika (b)i Chryaanthemum indicum (bot)i Gul* 
daoody (h), Chamimti (te). 

Ckattim (b), Alstonia soholaris (bot), Cbatim,. Satwan, Satni 
(h), Aedakularitohettu (te), Shampang, Wodrase (t), Janthala, 
Mudhol, (k). 

Chitra or Chitrika (b). Plumbago zeylanioa (bot), Agui-sikha, 
Chitraka (s), Venchitti (t); Tella-cbitra (te), Chittak (bom). 

.China^badam, — See ground-nut. 

Chola (b), Gioer arietinum (bot), Charma (h), Senagalloo (te). 
Cliiek“Pea (e), Kadalai (t). 

Cinnamon (e), Cinnamonun zeylanicum (bot), Dalchini 
(b&b), Tarruwa (t), Sanalingu (te). 

Clematis, a garden climber. 

Cocoa-nut Palm (e), Cocos nucifera (bot), Narikel (b), 
Nariyel (h), Narel (g), Mahad (m\ Tenna, tengr (t), Narikadam, 
tenkaia (te), Tengina (k). 

Cock’s Comb (e), Celosia cristata (bot), Morugphul (b), 
Mayufa-Sikha (s), Kokan, murgbka (h), Kodi-juttu-tola-kura (te). 

Colocasia (bot),— See Kuchoo. 

Coral plant (c), Jatropha multifida (bot), a native of South 
America, cultivated and naturalised in Indian gardens. 

Crinum (bot).— See Sookhdarshan. 

Crotons (e), Codieum variegatum (bot), of which there are 
numerous varieties. 

Cucumber (e), Cucumis sativus (bot), Shasba (b), Khira (h), 
Muhevchri (t), Dozakaia (te), Kakdi (m), Sante Kayi (k). 

Cuscuta (o), Cuscuta reflexa (bot), Alkooshy lata or Swurna- 
lata (b), Amarbeli (b), Poonaikkall (t), Dodder (e), Paniyaiiaku (te), 
Sitamma-popu-nulu, Akashwel (m). 

Custard apple (e), Anona squamosa (bot), Ata (b), Sharifa, 
Ata Sitaphal (h,g,m), Sita-palam, Sita-pazham (t), Sitapandu (te). 




Daruharidra (b).— See Berberis asiatioa. 

- Da^ (e), Phccnix dactylifera (bot), Khajur, Kbarjure, 
Khaijura in every province. 

Datura (e), Datura strauimonium (bot), Ummetta Dbaturamu 
(te), Umattai (t), Thorn-apple (e). 

Dbau (b), Woodfoidia floribunda (bot), Dhataki (s), Dbai, 
Dhanla, .iBantba (h), Dhamati, Dhooshi (bom), Serinji (te), 
Phuisatti 
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Dhenras (b), HibiBCOs esculentus (bot)» Lady^s, finger (e), 
Bbindi. Ramtoroi (h), Bhenda (bom), vendack-kay, Vendi (t), Panda, 
bandakaya (te). 

Dillenia (hot),— See Chalta. 

Dodder (e),— See Ouacuta. 

Devdaru (b), Polyalthia longifolia (bot), Asok. Asoka, Asupbai, 
Devadari, Deodar, in all the provinces, Assothi (t). 

Doomooi (b)i Ficus glomerata (bot), Qular Paroa (h), Umbar 
(bom), Dmbara fm,g), Atti (t,te). 

Drono (b), Leonorua sibirious (bot), Qumma (h), EnOgutOmmi 
(te), Kamba (m), The Indian fig (e). 

Dundul (b), Luffa mgyptiaca (bot), Nuni-beerd (te)* Ghiaturai 
(h), Ghosali (bom), Turai (g). 

Ourba (b), Cynodon dactylon (bot). Creeping panic grasB (e), 
Duba (h), Durva (m), Arugarapilla (t), Ghericba (te). 


Gaj-pippul (b), Scindapsus officinalis (bot), Barbpipli 
(h), Enuga pippalu (t), Atti-tippli (t). Motto pipper (g), Thora 
J pimple (ra). 

Gandharaj (b), Gardenia florida (bot). 

Ganja (b), Cannabis indica (bot), Ganjayi (te), Kanja (t), 
Indian hemp (e), Bhang (h,m), Ganja-ched (t), Ganjari Ohettu 
(te). 

Garjan (b), Dipterocarpus turbinatus (bot), Guijan in all the 
provinces. 

Garlic (e),. Allium sativum (bot), Rasnn (b), Lasun (h), Vellulli 
(t,te), Bellulli (k). 

Genda,— See Marigold. 

Ghentu (b), Cleiodendron infoi*tunatum (bot), Bhant (h), Barangi 
(Punj), Bakanda (te). 

Cjinger (e). Zingiber officinalis (bot), Ada (b), Adrak (h), Ale 
nm), Adu (g), Shakku-inji (t), Sonti, allum (te). 

Glory-lily (e), Gloriosa superba (bot), Ulat cbandal or Bisha* 
languli (b), Carrihari (h), Agnisikha (te), Kartikka-Kishanghu (teX 
Nagakaria (m). , 

Gold-mohur (e), Cmsalpinnia pulcherrima (bot), Ehruifaftf* 
Chura (b). 

Gol-murich (b). Piper Nigrum (bot), Miryalu (te), Melagu (t), 
Black pepper (e), (^Imaricb (hX kalamiri (bom), Kali-maricb (m). 
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Gourd [e]. Cuourbita maxima [hot], Mitha Kadda [h]» Saphara 
Kumra [b]i Pushinikkay [t]* Qummadi kaya [tel. 

Grape [eL Vitis vinifera [bot], Angur [b.hj, Driksha parara [t], 
MuntrPparam [te]» Oraksha-phalam [»]. Drakh [g]. 

Gtita-Kumari [b], Aloe [e]. 

Grouud*nut [e], Araobis hypogea [bot], China Badam [b], 
Mung-phali [hi. Bfcmi-shing [bom], Bhui-Chana [g], Verkadlai [t], 
Yeruaauagalu fte]. 

Guava [e], Paidium guava [bot], Amrut [h], Piyra [b], 
Segapu [t], Jama koia [te], Tambada-pera [born]. 

Gulancha [b], Tinospora cordifolia [bot], Ghilvel [bom], 
Gulavela [m], Shindil kodi [t], Tippa-lige Guluchi [te]. 


Hanaraj [b], Hedychium coronarium [bot]. 

Hasna-hena [b], Oestrum nocturnum [bot]. 

Hatisoor [b], Heliotropium indicum [l^t], Hattajuri [hi, 
Bhuruudi , [m], Hathisundhani [g], Nakkipol, Teikodduki [tj, 
Nagadanti [tej. 

Henna, See Menthi. 

Higli-badam [b], Anacardium [bot], Kaju [h], Jmdimamidi 
[te], Mundirikai [t], Cashwe-nut [e]. \ 

Hingcha [b], Enhydra fiuctuans [bot], Hurhuoh [h], Marah* 
herb [e], Himloohika [s], 

Hogla [b], Typha elepbantina [bot], The Elephant grass [el, 
Eraka [a]. Pater Rambana [hi, Rambana [m], Ghabajarin [g], 
Jammugaddi [te]. 

Hog'plum [e], Spondias mangifera [bot], Amrataka [si. 

Ambodha [h], Amra [b], Katmaa [t], Aravimamadi [te], 

Jangli-am [bom]. 

Haldi [h], Curcuma longa [bot], Halud [b], Pasupa [te], 
Manjal [t], Turmeric [e], Halede [m], Halada [g]. 

Hul-Kusba [b], Leuoaa aspera [bot], Chotapalkusa [h], 

Tamba (bom), Turabai obedi [t], Tamma-ohettu [te]. * 

Hurhuriya [b], Gynandropsis pentaphylla (bot), Jangli- 

hurhur (h), VelaWa, vaminta Ue), Nayveeli (t) Tilavana (m), 
Arkapushpika (s). 

Indian Jnemp, --See Ganja. 

Indian Soap-nut (e), ^pindus trifoliatus (bot), Eitha (b,h), 
Arishta (s), arithe (g), Punnango (t), Kukudu (te). 
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Indigo (e), Indigofera tinctoria (bot)i Nil (hjb)# Av^ri (t), 
Nedie (te), Niiguli (bom). 

Jack'fruit (e). Artocarpoue integrifolia (hot), Katiahar (b)» 
Panasha (to), Phanas (m, bom), Pilapazhaod (t). 

Jam(b), Jamoon (h), Eugenia jambolana (bot)i Naval (tA The 
Black plum (e,) Kala^Jwia (b), Nasoda (te)» Jatnbtil (bom), 
Jambura (g). 

J amrul (b), Eugenia malaccensia (bot). 

arul (b), Lager stroemia floa-regina (bot), Taman (bom), Mota 
bon (m), kadali (t). Chennangi (te). 

Jasmines, — See J ui . 

Java (b), Hibiscus rosa-sinenais (bot), The shoe flower (e), 
Jaustnuphul (g), Jasund (h), Shappathuppu (t), Javapushpamu (te), 
Jasvan (ra). 

Jayphal (b,h.), Croton Tiglium (bot), Nutmeg (e), Jamalgota 
(h,m), Napal (g), Nervalam (t), Nepalavitna (te). ♦ 

Jhinga (b), Luffa acutaiigula (bot), Torui (h,) Peekunkai (t), 
Beerkai (te), Shirola (m,) Turia (g*). 

J Kumkolota,— see Passion flower, 
ujube,— See Kool. 

Jui, (b), Jasminum Sambac (bot), Jutbi, Juthika, Am" 
busta (s), 

Kabra (h), Capparis spinosa (bot), Kabra, Ber, in many 
provinces ; Kabar (bom). 

Kuchoo (b), Colocasia antiquorum (bot), Aroids (e), Arvi (h), 
Chama kuru (te), Shima-ikilangu (t), Kasalu (m). 

Kadamba (b,b), Anthocephalous kadamba (bot), , kadomba 
(m,b,h,bom), vellai kadamba (t), Budraksha-kamba (to). 

Kalkashinda or kasonda (b), Cassia oocidentalis (bot), 
kasunda (h), Kasinda (te), Pmyavirai (t), Hikal (bom), Eusundro 
(guz). 

f Kala Jam,— See Jam. 

Kala-Jira (b), Nigella sativa (bot). 

Kalmegh (b), Androgi'apbis paniculate (botX Kiryat, Mablala 
(h), Bhunimba (s), Olenkirayat (m), Kariyatu (g), Nilavombu 
(t,te). 

Kanchan (b), Bauhinia acuminata, B. tomentosa (bot), 
E^nchnar (h). Kanohani (t,te), Apts (m), AsundrO (g). 

3l(u) 
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KaWi-Sliak (b), Ipomoea reptansi 1. aquatics (botX Karenbu 
{h), Nari (Punj), Nalichi baji (bom), Koilangu (t), Tuti- 
kura (td). 

Kanak-Champa (h), Pterosperum acerifolium (bot), Mooch 
kuuda, Eai*nikaTa (b), ^tsakauda (te). 

Kanchira (b), CommeliDa bcughalensiB (bot), kanuraka (h). 

Kanta Natya (b), Amarantus spinosus (bot), Kantamiris, Lai- 
shag (h), MuHuk-kirai (t), Nullu-tota keora (te). 

Kanthal (b)— See Jack-fruit 

Kantali (^ampa (b), Artabotrya odoratissima (^t). 

Katitikaty (b), Solarium xanthocarpum (bot), Kantmli (h), 
Nela-Mulka (te), Kandankattiri (t), Kuda (te) Bhuriogni (bbm), 
Van-Nellagulla (k). 

Karavy (b), Nerium odorum (bot), Kaner, Kanoity (b), Ganneru 
(te), Eanaveerum (t). 

Karamcha (b), Carissa Carandas (bot), Kaiitakreji, Earoda (h), 
Kanugohettu (te), Eanhera (bom), Hoyamara (m). 

Katela (h), Momordica Charautia (bot), Uohay (b), kakarchettu 
(te), Povakkj (t), Earla (bom). 

Kath^Bsel (b), Feronia Elephantum (bot), Wood-apple (e), 
Kapitha (s), Eat-Bel, Eawat, (m), Eotha (g), Vallanga, Eavit, (t), 
Belada (k), Viliam (mad). 

Kea or Ketuky (h), Pandanus odoratissimus (bot), Kebra, 
Ketgi (h), Mogalaichettu (le), Talamchedi (t), Screw Pine (e), 
Eenda (bom), Eeoda (m), Eewoda (g). 

Kham aloo (b), Dioscorea alata (bot). 

Khirui (b). Euphorbia thymifolia (bot), Dudhi (h), 
Patcha-arise (t), Biduru-iiaua-hiyyam (te), Nayeti (bom), Mathi- 
dudhi (m). 

Khurhoo) (h), Ciicumis Melo (bot), Musk melon (e), khurbuz 
(h), Mulam or Velapandu (t), Chibunda (m), Vellari-verai, 
Velapatam (te). 

Kool (b), Zisyphus Jujube (bot), Ber, Bayer (h), Jujube 
(e), Badari (s), Beugha, Regi, Rega-panda (te), Yellande (t), 
Yelchi (k). ^ 

Kooah or Kaah (b), Foa cynosuroides (bot), Duv (h), 
Dum Uh 

Koottch (b), Abrus preoatorious (bot), Gunja (s), Rutti, 
Gumchi (h), Gurijenza (te), Gundumani (t), Gumchi (g). 

Kokaimh (b), Vernohia cinerea (bot), Sahadevi (s), Sira- 
shengalauit* (t)» Moti Sadori (bom). 
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Kvidina*CHuta (bX Caesalpionia pulobarrima (hot), Satna- 
gaudiJkX 

Kriidina-kali (b), Mirabilia Jalapa (bot), Four o’clock plant (e)r 
Sandra rag (g), Chandra^kantha (te). 

Kuchila or Nirmali (b), StiyohDos Nux-vomioa (botX Tbc 
strychnine plant* Kuklah (dec), Ettikkottai (t), Mughtivittolu (te)» 
Kanni-rak-kuru (a. i.) Kajra (bom). 

Kulia khara (b)* Hygrophila apinoaa (bot), Gtokabura* 
Talmakhana (h), Nirguri-veru, Neerugobbi (te), Nceramulli 
(t), Talima-khana, Kolaaunda (m), Ookhuru (g), Kalayan 
Kabija (k). 

Kushum (b), Carthamus tinctorius (bot). Safflower (e), Barre^ 
Kar (u.p). Kushumbha, Kurdai (bom), Sendugram (t), Agniaikha 
(te). 


Lal'bharenda (b), Jatropha gossypifolia, J. glandulifera (bot), 
Jmigli-eranda (h), Addalay (t), Nela- amida (te), Totla-gida (k). 

Lajjabatty lota (h). Mimoba pudioa (bot), L^jalu (h), 
Murugadu-maramu (te), Tbottalpadi (t), The Sensitive plant 
(e), Lajri (m). 

Lalpata (b), Euphorbia pulcherrima (bot). 

Latkan (b) Bixa Orellana (bot), Eiari, Keaari, Shendri (m, 
(bom), Jupharachettu, Jafra-vitullu’chetty, (te), Jaframaram (t), 
Gowpurgee (h). 

Lataphatki,— Soe Naphatki. 

Lau^). Ligenaria vulgaris (bot), Alabu (s), Shora-kai (t), 
Anapa-kai(te), Hunea-kuddu (dec). 

Lavanga (b), Eugenia caryophyllaea (bot). 

Lemon (e), Citrus Limonum (bot), Jambira (h), Gora Nebu 
(b), Meta or Motu limbu (g), Thorla-limbu (m), Periya-elumicbam- 
pazam (t), Pedda-nimraa-pandu (t), 

Litchi (e), Nophelium Litchi (bot), Lichu, Nichoo (b), 

I Lichee (b). 

Lotus (b) Nelumbium apociosum (bot), Eamal, Padma, Uptal 
(a), Kanwal (h), Tavarigadde (k), Tamarai, ambal (t), Erra-tamara 
veru (te). 

Lunka (b), Capsicum frutescena (bot), Lal-marich (h), Mira- 
pakaya (te), Malaghay (t)> Bed cayenne pepper (e), Mirchi ($h 
Menaabina kayi (k), 
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Madhabilata (b), Hiptage Madablofca (bot), Madbeolak (b)* 
Madhabi U)i Madhuraalati (m), Madhavi tigo, Vadla yarala, potu- 
vadla (k), 

Makal (b)i Trichosanthcs palmata (bot)f Lalnndrayaa« 
(h), Kaundal (bom), Koratti, Shavari-pazham (to), Avvaguda- 
pandu (te). 

Makhan shim (b), Canavalia ensiformis (bot). 

Mallika (b),-See Bel. 

Mafk^kachoo (b), Alocasia iiidica (bot), Maokundu (h), Manaka 
(e), Alu (m). 

Mango (e), Mangifera Indica (bot), Amra (s), Am, manga 
maram, maa, mangas (t), Makandamu (tij), Ambanujhada (g). 

Mansa, Manaa sij (b), Euphorbia iierifolia (bot), Jhohar (h), 
Akujimudu (te), Yale kalli (k), Nivadanga (m), Sehunda (s). 

Marigold (e), Tagetes patula (bot), Genda (b). 

Marsilia,'— See Shoosriy-Shak. 

Mash-kalai (b), Phaseolus mungo var. radiatus (bot) Urid 
(h), Udid (m), Adad, Arad (g), Patchaypyro (t), Mirm*mulu, 
patsapetsalu (te), Hasam (k). 

Masur (b), Lens esculerita (bot). 

Melon (e), Citrnllus vulgaris (bot), Tarbuj (h), Turmooj (b), 
Pitoha-pullam (t), 

Menthi (h b) Lawsonia innermis (var, alba) (bot) Moruthonri 
(t), Kuravamu (te). Henna (e), MaruConn, Aivanam (t), 
Gunuta-chettoo (te). 

Mina lobata,— a small cultivated twining herb. 

Mooch-kunda,— See Kanakchampa. 

Moog (b), Phaseolus mungo (bot), Mung (h), Mug, Mag (bom), 
Puchapayru (t), Wuthulu patcha-pessra (te), Hesaru-bela (k). 

Moon-flower (e), Ipomoea bona-nnx (l)ot), Ital-kalmi, Dudi.va- 
kulra!, Kalmilata (b.h.) Gulchandni (bom), Naga-mughatei (t), 
Nagara-miikutty Kai (te), Chandrakaiit, Ban-bauri (h). 

Moola (h), Kapbaiius sativus (bot), Murai (h), Mullnngi (te,t). 
Radish (e). 

Mukta'jhuri (b), Aoalypha indica (bot), Swet basanta (b), ^ 
Kuppi, Khokali (h), Khokli (m), Vanchi kanto (g), Kuppaimeni (t), 
Kuppai-chettu (te), Chalmari (k). 

Mulberry (e),— See Toont. 

Munjeet (b) Rubia cordifolia (bot) Tamravalli (te), 
Manchilta (t), The Indian madder (o), weibknown as the Manjit 
or Munjeeatha, 
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Muaoor-chanci (bX Lattiyroa Apb^ca (bat), Jungli matar, 
Masur-oliana (bih). 

Mustard (e), Brassica juncea (bot), Sarisa (b), Sarson, Bai 
(h), Sasiva (o), Kaduka (Vlal.), Kadugu (t), Avalu (te), 
Sharswapa (s). 


Nagrphani (b),--*See Phani-mahsa. 

Nasturtium (e), Tropaeoium ma.iUB (bot), a common small 
garden annual. 

Naphatki (b), Cardiospermum Halicacabum (bat), Jyotisbmati 

(s) , Latapbatky, Sibjhul (b), Karolio (g), Kaiiphuti, Napbat (bom), 
Muda-oottati (t), Wallagulisierida, Kanakaia (te). 

Natiya-shag (b), Amarantua blitiim tar, oleracea (bot), Cbobrai 
(h), Mullukiroi (t), Kontemat (te). 

Naravelia zeylanica (bot), Chagalbati (b), Murcba. 

Nayantara (b), Vinca rosea (bot), Sadapul (m), Billaga- 
neru (te), Sadamallige, Kempu Kasiganagilu (k), The Bose 
Periwinkle ; a west Indian i^lant now cultivated in Indian 
gardens. 

Neem (b,h), Melia Azadirachta (bot), Vepa (te). Vempu (t), 
The Neem or Margosa tree. 

Nerium odorum,- See Karavy. 

Nishinda (b), Vitex negando (bot), Sambhalu, Nirghundi 
(h), Tellavavilli, Siddhuvarumu (te), Noch-chi, Chinduvaram 

(t) , Nirgundi (s), Katri (bom), Lihgoor (m). The Chaste 

Tree (e). 

Nooni-shak (b), Portulaca oleracea (bot), Looni’Shak (b), 
Khursa, Kurfa, muncha, mnnya (h), Lunia, Iy)nak (g), Parpukire, 
parupu (t), pavili-kura (te). 

NuMota (b), Thuubergia grandiflora (bot), MeeHota ,(h) ; a 
beautiful fence^climbor with large blue flowers. 


Okra (b), Urena lobata (bot), Bona-venda, Ran-tupkada, wagdan 
bhendi (m), Villiak (k). 

01 (b,h), Amorphophallus campanblatus (bot), Jangli-suran, 
Zamin-kand (h), Suran (m), Karu-naik-kizhangu or "Karuna- 
kalang (t), Kanda-godda, poti konda (te). 

Onion (e),— Allium Cepa (bot), Piyaz (h), l>ttngan (g), 
Kanda (m), Vella Vengazam (t), Niruli (te). 

31(a) 
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Opuntia Dillenii,— See Phani Marisa. 
Oxalie (e).— See AmrooVshak, 


Palas (b,h), Butea frondosa (bot), Muttuga-thoraa ormara 
(k), Palasham (t), The Bastard Teak, The Forest flame (e), Dhak, 
Faras, Kankeri, Chichra (b), Chiula, puroha (bom), Khakar, paras 
(m,g), Moduga, mohatu, paladulu (te). x / x , 

Pan (b), Piper Betle (bot), Nagavella (bom), Vettil» (t), Betel 
leaf pepper (e), Tamal-pakoo (te), Pan (generally). 

Pana (b), Pistia Stratiotes (bot), Jabkumbhi (h), Antari- 
tamara (te), Agasa-tamara (t), Prashni, Goiidala (m), the Wester- 

lettuce (e). , / \ 

Pani-amla (b), Flacourtia cataphracta (bot), Paniyala (b), 
Talispatri (h,t, te), Jaggam, .lairgama, Tamban (bom). 

Panrmarich (b), Polygonum serrulatum (bot). 

Pani-phal (b), Trapa bispinosa (bot), Singhara (h,t), Sringa- 
taka (s), The Water Chest-nut (e), Parigadda (te), Shingoda (g), 

Shingada (m). / \ ^ \ -r, 

Papaya (e), Caiica papaya ' (bot), Papita (h), Boppayi 
(te), The Tree Papaw (e), Perangi (k), Papia (g), Pappayi or 

pappali (t). 

Parijat, Palita madar (b), Krythrina indica (bot), Indian 
coral tree.(e)» Pangra, panjira (h), Muruka-marum (t), Modugu 

(te), pangara (m). 

Parul (b), Storeospermum suaveolens (bot), Paral, parur (h), 
Patali (s), Padal, pahad (bom), Padri (t), patali (te), Kalagori 
(m), Pandi'i (c.p.). 

Passion flower (e), Passiflora fcntida (bot), Jhumko-lata 
(b)» the wild species: the garden species is Passiflora palmata 

which has large flowers with a beautiful fringe of corona inside 
the petals. 

Pathur-kuchi (b),-See Bryophyllum. 

Patol (b), Tricbosanthos dioica (bot), 
potla (te), Peyu-padal (t). Snake gourd (e). 

Pea (e)i Pisum sativum (bot), Kabli 

Gunducaiiagalu (te), Batani (k). 

Phanfxnansa (b), Opuntia Dillenii 
Nagatali (t)» the Prickly Pear (e), Naga-mulla (te), Naga-dali (t), 
Chsppal-i^pd (dec). 

PlM’Sippi^ (e), Ananassa sativa (bot), Anaras (b), 


Palwal (h,h), Adavi- 
Matar (b), Patani (t), 
(bot,) Nagphana (h,b), 
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Pipul (b), Piper longum (bot), Pippali-kattee orcbittee (te). 
Pippili (t), Long peeper (e), 

Pistia (e),— See Pana. 

Podina (h,b,t, te), Mentha arveiiais (bot), The Marsh 
Mint (e). 

Portulaca, (e),— See Nooni-shak. 

Pumpkin (e) Cucurbita pepo (bot), Kumra (b), Kalyanpucuni 
(t), Bubrkumbala (k). 


Rajanigandha (b), Polyanthes tuberosa (bot), Gool* 
shubbo (h). 

Rangan (b), Ixora cocciiiea (bot), Loha Jhangia (h), Panku 
(m), Bakora, abiili (bom), Patali (s), Cetti (t), Kepala 
Kisgara (k), 

Rasna (b,m,g), Vanda Boxburghii (bot), Nai (b), Vanda (b), 
Veddi (t), Kaiiapa-che^fcu badanike, neardan (te). i 

Red-pepper— (e), See Lunka. 

Red Santal-wood (e), Pterocarpus Saritalinus (bot), Rakla- 
ohandan (s), lal-ohai.dan (b,b), Krragandha-puchekka (te), Shen- , 
shandanuuni (t), Kempu gandha (k). 

Reta or Reetha (b), Somocarpus Anacardium (bot). The ' 
Marking nut tree (e), Bhola (h,b), Bhilavan (dec), Shonkottai (t ), 
Tidi-vittuln (to), Bibba (bom). 

Ricinus communis (bot), the Caator-oil plant (o), Kndi 
(h), Korhi, Branda (b,s), Amanakku (t), Amudala (to), Haralu, 
Andla (k). , 

Sajina, Shajna (b,h), Moringa pterygosporma (bot), Muriaga, 
(te), Mnrangai (t), Horse-radish tree (e), Munga-cha (m). 

Sakarkand aloo (1)), Ipomoea Batatas (bot), The Sweei. 
potato (e), Ranga alu (b), Vullibkiz-hangu (t), Chelagada (t), 
Sakaria (g). 

Sal, Shal (b,h), Shorea robusta (bot), Aswakarna (s), 
Epachettu (to), Kuiigitinfti (t). 

Saptapaini (s), Aistonia scholaris (bot), Chattim (b), Satiii, 
Chattni (h), Ezhilaippalai, Wodrase (t), Edakula-pala, palagaruda, 
(te), Kodale, Madale, Kadusale (k). 

Satamuli (b), Asparagus racemosus (bot), Sadabori, Shadavaii? 
(tjte), Shakakul (h), Satawar, Satavari (g,m), ; 

Screw pine— Sec Ketuky. 
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Sensitive plant,— See Lajiabafcy lota. 

Sialodk (b), (red and white), Nymphiea Lotus (hot), Kambal 
(s), Nilofar (b), Allikada alli-tamara (te), Vellumbai Ambal (t), 
Water-lily (e), Kanval, Kamal (g, m). 

Sheakool (b), Zizyphus Oenoplia, (hot), Shrigal-koli (•), 
Ghainthi or goithi (m). 

Sheaikanta (b), Argeraone mexicana (bot), Pila Dhatura 
(h), Brahma-dandi (s,te). Kudeyoethi (t), Feringi-dhutra (m), 
Brahmadanti (mal). 

Shephalika (b), Nyctanthes Arbor-tristes (bot), Seuli (b), Har- 
singhar (h), Pogadanialle (te), Manjapu-meru (t), Night Jasmine , 
(e), Partak (bom). 

Shimul (b) Bombax malabaricum (bot), Silk-cotton tree (e), 
Shimal (h), Mundla-baraga-chettu (te). Pula, mulilaum (t), 

Shola (b). Aeschynomene aspera (bot). 

Shoosny-shak (b), Marsilia quadrifoliota (bot), Ohick-lita 
kura (te), 

Shun (b), Crotolaria juncea (bot), San, Son (s,h) Jenapa- 
nara (te), Sanabu, (k), JanaVka-nar (bom). 

Shwet Sarisa (b), Brassica alba (bot), Suffed-rai (b) Sidharatha 
(s) White mustard (e). 

Sisoo (b), Dalbergia Siaaoo (bot), Sbingshapa (s), Sisma, Sisu 
(h), Nukku-kattai, Zetta (t), Sissukarra (te). 

Soondali (b), Cassia F'istula (bot), The Indian Laburnum, (e), 
Sonhali (h), Raelachettu, iteylu, Suvarnam, (te), Kouraih-kay, 
Kone (t), Kakee (k) Bahaya, baya (m), Garmal, Sarmal (g). 

Sthal-padma (b), Hibiscus mutabilis (bot), Pudmacharinee (s), 
Hinaparchi (h), The Changeable Rose (e). 

Sukhdarshan (b), Crinum asiaticum fbeft), Chindar, kanwal, 
pandar, (h), Kesarichetta (to), Nagdamani (g), Nagdavana (m), 
Visha-mungali (t). 

Sun-flower (e), Helianthus annnus (bot), Surjamukhi (b,h), 
Suija-kanti (Ue), Hottutirugana (k). 

Swamalata (b), See Cuscuta. 


Tal (b), Borassus flabelliformis (bot), Tal, tad (h), Tali (s.k), 
Paiiai U), Tati (te). 

Tamarind (b), Tarnarindus ind^ja (bot), Tintin', Amlika (s), 
Amli, Imli (h), Tentul (b), Amli, Ohintaz (bom), Poolie (t), Cbinta- 
Chettu (te), Karangi (k). 
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Teak (e), Teotona grandis (bot), Shagoon (b), Saka (a)* Sagun 
(h), Tekku, Tek (t), Sag wan, Sag (bom), Teginamara, Saguvaiii-niara 
(k), Teku (te). 

Tej-pata (e), Laurua malabaricum (bot), Jhal-patra, Talispatra, 
Tejpatra (s). 

Telakucha (b), Cepbalandra indica (bot), Vimba (s), 

Bimbi (bom), Karai (t), Bhimb, Kandmi-ka-bel (h), Tonde Balu (k;. 
Ghobe, Qluru, Galedu (g). . . 

Tepari (b), Physalia peruviana (bot), The Cape gooseberry Wt 
Bondula (k), Mottampuli (t,te). 

Thulkury (b), Hydrocotylo asiatica (bot), Vallarei (t), M^duka- 
brummi, Babassa (te), Brahman manduki, KbuLvkudi (h), Brahnu, 
Karringa (bom), Vallarai (dec), Von-deloga (k). 

Til (b), l^samum indicum (bot), Mithai til, Krishng*til (h/, 
WaWenney, Yelloocheddi (t), Marichinune iiuvulu (te)> Bank til 

(<^®<5). / \ rr 1 

^ Tobacco (e), Nicotiana tabacum (bot), Tamaku (h), Tamak 
(b), Tamrakuta (s), Tamaku (dec), Pugai'ilai (t), 
Dhurmarapatramu (te), Higoseijlpu (k), Tamakan, tombakhu 
(bom). . 

Tomato (e), Lycopersicum esculentum (bot), Belati Begoou 

(b,h). . , X tr , 

Toolsy (b), Ocimum Sanctum (bot), The Sacred Basil le), “.ala 
tulsi, Tulsi’baranda (h), Tulasi (bom), Tulasa (m), Talasi (g)» 
Tulasi, Alangai, Pirundam (t), Tulashi, Krishna Tulasi, Gaggera- 
chettu (te), Tulasi gida (k). _ 

Toona (b), Cedrcla Toona (bot), Tooni, Nandibrikha (s), Lun, 
Mabaiiira, Mabalirabo, Tunkajhar (h), Deodari. Kuruk (m), Tuim- 
raaram, Mali, Wunjuli (t), Nandichettu, Nandi (te), Kempu* 
garidagheri, Tunda, Devdari (k). ^ ^ 

Toont (b), Morus indica (bot), Tut, Tutri, Toontrishaul (h), 
Kambali’buchi, Cambalichettu (te), Kambili'puch, Musokottayacheri 
4 (t), Mulberry (e), Tutri, Ambor, Setur, Tula arabor (bom), Tul (m), 
^Shetur (g), Hippal-verali (k). . . > \ .n- 

Topchini (b), Smilax Chiueiisis (bot), Shukchini (h), Pirangi* 
chekka (te), Paringay (t). 

Torenia (bot), Torenia asiatica (?), Kapuka (in Southern 
India). 

Torulata (b), Quamoclit Pinnata (bot), Kam lata (h). 

TrisirMansa (b), Euphorbia Antiquonim (bot), Bajbaran, 
Tridhar-phend (h),*Vajrakantaka (s), Narasija (m), Tandharishend 
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(g). Sbadbui iik-kalli\ Tiri-kalli (t), Bonim Jemuda Boiita Chemuda 
(te), Mudu, Mula-Jemuda (k). 


Ulat Chandal (b)i— See Glory-lily 


Vanda — See Rasiia. 

Vallisneriai Vallisiieria spiralis (bot), Jhanji, Syala (h). 


Water Chestnut (e) — See Panipbal. 

Watcr-hyacinth (e), Eichornia crassipes (bot). 

Water lily— See Shalook. 

Water Melon (e), Citnillus Vulgaris (bot), Turing (h), 
Tarmu.1 (b), Tarbuz, Kalingad, Kaliiigam (bom), Piteba Pullam (t). 
Wheat (c), Triticum vulgare (bot). 

Wood-apple— See Kath-Bcel. 


Zinnia— Zi»iuia Elegaiis (bot), a commorj garden annual. 
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jibrus 356 
Absoiss layer 252 
Absorption of food 273 
Aoanthaceae 378 
Acacia 51, 356 
Aoaulesoent 31 
Accrescent 105 
Acioular leaves 56 
Achene 144 
Achlatnydeous, 104 
Achyranthes 381 
Actinomorphic 100 
Acuminate 56 
Acute 56 
Acyclic 99 
Adaptation 437 
Adhatoda 79 
Adiantum 405 
Adnate stipules 60 
Adventitious buds, 44 
— root 19 
AegU 40 
Aerial root 25 
Aerenchyma 213 
Aestivation 68, 108 
Agave 29 

Aggregate fruits 150 
Ala 446 

Albumen 164, 197 
Alburnum 245 
Aleurone grains 197 
Alg» 4, 423 
Alocasia 32 
Allogamy 127 
Alstonia 74 
Alternate 71 

Alternation of generations 
Amarantaceee 379 

32 


Amarantus 19j 379 
Amaryllidaceae 392 
Amides 298 
AmorphophaUus 34 
Arillus or aril 153 
Amphibious 438 
Amphitropous 121 
Amplexicaul 56 
Amylose 197 
Aneerobic 309 
Anabolism 309 
Anatomy 3 
Anatropous ovule 121 
Andreecium 93, 110 
Androphore 103 
Andropogon 391 
Anemophilous 122 
Angiosperms 333 
Angular divergence 73 
Anisomerous 101 
Anisostemonous 111 
Anonacem 3 
Aiwna 350 
Annuals 29 
Annual rings 244 
Annular vessels 214 
Annulus 405 
• Anther 93, 112 
Antheridium 407 
Anthocephalovs 88, 366 
Anthophore 103 
Anthophylls 67 
Antipodal cell 319 
Apetalm 334 
Apical cell 207 
Aphyllous plant 445 
411 Aplanogamete 422 
Apocarpous 115 
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Aquatic roots 24 
Arachis 14 2 
ATauc€tria 400 
Arohogonia 407 
Arobegoniatees 407 
Arobicarp 432 
Areca 396 

ATgeTnone 19» 67* 343 
Artabotrys 39, 350 
Artocarpous 383 
Ascidia 302 
Ascus 432 

Asexual reproduction 316 
Ascent oi water 285 
Asclepiadacae 373 
Asparagus 24- 42 
Aapidium 403 
Assimilation 289 
Asymmetrical 100 
Atropine 374 
Atropous 120 
Attaching root 27 
Auriculate 56 
Autogamy 127 
Autonomous mo 
Autopbytes 300 
Awn 389 

Axile placentation 118 
A zygospore 431 
Bacterioids 301 
Banyan 21 
Bark 2 50 

Basal placentation 118 
Basidia 435 
Basidiospore 435 
Bast 223 
JBauhinid 356 
Bee-ftowera 125 
Berbern 67 
Berry 147 
Bienuiala 29 


Bifoliate 62 
Bilabiate 105 
Bisexual HO 
Biternate 63 
Bixa 143 
Bcerhaavia 22 
Bombax 346 
Borassus 396 
Bordered pits 180 
Bougainvillea 39, 81 
Bract 79 
Bracteole 78 
Branching 44 
Brassica 340 
Bristles 266 
Bryopbyllum 44 
Bryopbyta 415 
Bud 42 

— adventitious 44 
— axillary 44 
— dormant 44 
— naked 44 
— scaly 44 
— terminal 43 
Budding 433 
Bulbils 317 
Bulb 33 
— tunicated 34 
— scaly 34 

Bundles, vascular 217 
— bicollateral 255 

— collateral 254 
— concentric 266 
— ^course of 252 

— cauline 252 
— foliar 254 

— leaf-trace 252 

— open 227 
— radial 232 
Butea frondosa 355 
Cagtus 66 


uent 321 
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Caducous 165 
CeBiiantbium 88 
Cssnocyte 427 
GflBsalpinefld 356 
Callus 214 
Valotropis 116 
Calyciflores 338 
Calyptra 209 
Calyptrogen 209 
Calyx 92, 104 
Cambism 211, 22^, 
Campaiiulate 107, 
Campylotropoue 121 
CannabinacesB 382 
Cannabis 151, 382 
CannacesB 394 
Capitulum fi6, 368 
Capsicum 372 
Capsule 143 
Carbohydrate 193 
Carbon-assimilation 291 
Cardiospermum 39, 351 
Carnivorous plant 301 
Carpel 94, 114 
Carpogoniura 432 
Carpophore 145 
Carissa 40, 87 
Carthamus 86, 370 
Carunculas 154 
Caryophyllaceous 107 
Caryopsis 144, 387 
Caryota'iSdl 
Cassia 60, 356 
Catabolism 309 
Cataphylls 67 
Catkin 84 
Caudex 35 
Cedrella 152 
Cell, the 1 63 
Cell-division 204 
Cell-plate 206 


Cell-sap 168 
Cell-wall 164, 178 
Cell-contents 193 
Cellular plants 332 
Cellulose 182 
Cehsia 380 
Centripetal 86 
Cephalandra 364 
Chalaza 120 
Chasmogamous 135 
Chemotactic movement 325 
Chemotaxis 325 
Chemotropism 324 
Chitin 183, 427 
Chlorenohyma 212 
Chloris 391 
Chlorophyceee 423 
Chlorophyll 174, 296 
Chloroplasts 174 
Chromatin 173 
Chromatophores 167, 174 
Chromoplasts 174 
Chromosomes 205 
Cicer 355 
Cilia 167 
Cinchona 366 
Circinnate 68 
Circulation 172 
Circumnutation 322 
Circumscissile 141 
Cirrhiferously pinnate 61 
Citrullus 364 
Cladodes 42 t 
Classihcation 331 
Cleistogamous 135 
Clerodendron 132, 379 
Climbing roots 26 
Climbing plants 37 
Clitoria 39, 354 
Coccoloba 42 
Cocos 396 
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Ce^feiot 366 

Crucifer® 340 

Collective fruit 139, 160 

Cruciform 107 

ColleDchyma, 183, 212 

Crumpled 68 

Colloids 278 

Cryptogamia 331 

Colocasia 80 

Crystalloids 197> 279 

Columella 430 

Cucumis 362 

Coma 164 

Cucurbita 364 

Cofnmelina 136 

Cuourbitaoe® 361 

Comose 164 

Culm 34 

Compauion cells 221 

Cuneate, 66 

Compoaitee 366 

Curcuma 394 

Compound leaf 69 

Cusouta 26, 304 

Conduction of vater 281 

Cuspidate 66 

Conduplicate, 68 

Cuticle 216 

Cone 399 

Cutin 182 

Conical root, 22 

Cyclic 99 

Conidia 432 

Cymose 45, 87 

Conidiopbore 432 

Cyperace® 391 

Coniferm 400 

Cypsela 144 

Conjugation 426 

Cystolith 200 

Connective 111 

Cytoplasm 167 

Contoiiied 109 

Dalbergia 355 

Convolute 109 

Darlingtonia 302 

Convolvulace® 374 

Datura 373 

Cordate 65 

Daturin 374 

Cork 248 

Decandrous 110 

Cork-parenchyma 213 

Deciduous 49, 105 

Corm 34 

Decompound 61 

Cormophyta 4 

Decurrent 66 

Corolla 92, 106 

Decussate 74 

Corona 107 

Dehiscence 140, 169 

Cortex 226 

Dentate 57 

Cortical poi^s 261 

Dermatogen 208 

Corymb 84 

Desmid 423 

Corypha 84 

Dextrorse 39 

Cotyledons 67 

Diadelphous 111 

Cremooarp 145 

Diandrous 110 

Crenate 67 

Diarch 233 

Crinum 34 

Dichasium 89 

Cross-pollination 127, 129 

Dichlamydeous 103 

Crotolaria 365 

Dichotomous 45 
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Dichotomous 45 
Diclmy 129 
Dicotyledons 9, 334 
Didynamous 111 
Digitate leaf 62 
Digitately pinnate 61 
Dillenta 105i 138 
Dimorphic 133 
Diceoious 110 
DioncBa 302 
Dioscorea 39 
Diplofitemonous 98 
Distichous 7 1 
Dodecandrous 110 
Dorsal suture 117 
Double flowers 97 
Dracssna 247 
Drosera 303 
Drupe H6 
Duramen 245 
Dwarf-shoot 401 
Ecology 437 
Ectoplasm 167 
Egg-apparatus 318 
Egg-cell, 318 
Eichhoriiia 24, 37, 66 
Elaborated sap, 300 
BleUaria 394 
Emarginato 57 
Embryo 153 
Embryo-sac 120, 318 
Endocarp 142 
Endodennis 209, 231 
Endogenous 24, 236 
Endoplasm 167 
Endosmosis 278 
Endosperm, 153 
Endospore 422 
Enhydra 371 
Ensiform 63 
Entomophilous 123 


Enzymes 299 
Epiblem 209, 229 
Epicalyx, 105 
Epicarp 142, 

Epiycotyl 9 
Epidermis 208 
Epigeal 9 
Epigynous 102 
Epinasty 322 
Epiphytes 25 
Epithelial cells 210 
Equitant leaves 63 
Eriohotrya 359 
Eriodendrm 348 
Erythrina 355 
Etaerio450 
Eugenia 359 
Euphorbia 385 
Euroiium 431 
Eusporangiate 406 
Exalbuminous 10, 155 
Exodermis 230 
Exogenous 24 
Exosmosis 278 
Exospore 422 
Extino 114 

Extra-stelar ground tissue 218 
Eyes 32 
Fascicle 75, 88 
Fascicular cambium 241 
Fasciculate root 24 
Fats 198 

Fermentation 433 
Fertilisation 3I8 
Ferns 402 
Feronia 40 
Fibrous root 20 
Fibrous tracheid 185 
Fibro- vascular bundles 228 
Ftcus 338 
Filament 111 
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FUurya 383 
Floral leaves 67 
Floral diagrams 99 
^’lower 92 

Flowering plants 5, 331 
Flowerless plants 5, 331 
Fly flowers 126 
Fly-trap 302 
Foliaceous stipule 60 
Foliage leaves 67 
Follicle 140 
Foramen 120 
Free central 119 
Free nuclear division 319 
Free stipules 49 
Fronds 403 ^ 

Fruit 138 

— simple 139 
— dehiscent 141 
— indehiscent 143 
— scbizocarpic 146 
— succulent 145 
— Aggregate 150 

— Multiple 160 
Fundamental system 217 
Fungi 426 

Funiculus 119 
P^usiform root 22 
Oaleate 105 
Gametes 317, 425 
Gametophyte 408 
Gamopetalous 106 
Gamophyllous 103 
Gamosepalous 104 
Gamopetalae 338 
Gardenia 60, 366 
Garlic 34 
Geitonogamy 128 
GemmsB 415 
Gemmation 433 
Genetic spiral 72 


Genus 335 
Geotropism 325 
Germination 6 
— of Bean 6 
— of Pea 0 
— of Rice 1 1 
— of Cocoa-nut 13 
Glabrous 57 
Gladiolus 63 
Glaucous 67 
Glohho. 317 
Globoids 1 97 
Glomorlue 88 
Glumiflorae 334 
Gloriosa 69, 66 
Glumes 82, 389 
Gonidangia 430 
Gonidiophore 430 
Gossypium 345 
Graminaceae 386 
Grana 174 
Gravity 326 
Growth 311 
Growing point 206 
Guard-cells 239 
Guava 369 
Gummose 183 
Gymnospermia 333, 398 
Gyro nos perms 398 
Gymnosporia 40 
Gynandrous II2 
Gynobase 103 
Gynoecium 93, II4 
Gynophore 103 
Hairs 266 
Haplc ritemonous 99 
Hastate 55 
Haustoria 25 
Heart wood 246 
Hedychium 33, 396 
Hedysarium 323 
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Helicoid cyme 89 
— dichotomy 46' 
Helianthus 367 
Heliotropism 323 
Herb 28 

Heptandrous 110 
Hepaticem 416 
Herkogamy 132 
Hermaphrodite 100 
Hesperidium 149 
Heterophyly 64 
Heterosporoua 409 
Heteroatyly 133: 
Hibiscus 97, 344 
Hilum 53, 195 
Hiptage 144 
Histology 3 
Homosporous 409 
Hook-climber 39 
Hordeum 390 
Hyaloplasm 169 
Hydrotropism 323 
Hydrophilous 127 
Hydrophytes 438 
Hydrocotyle 67 
Hygroscopic 277 
Hymenocalis 34 
Hypanthodium 89 
Hyphae 426 
Hypocotyl 8 
Hypocratoriform 107 
Hypoderma 218 
Hypogeal 9 
Hypogynous 102 
Hypsophyll 67 
Hyponasty 322 
Iberies 84, 342 
Imbricate 68, 79, 109 
Imparipiimate 60 
luduced movement 321 
Indusium 406 


Inferior ovary 102 
Inflorescence 78 
Infrutesceuce 139 
lufundibuliform 107 
Initial cell 207 
Insectivorous plants 301 
Integuments 120 
Internode 28 

Inter-fascicular cambium 241 
Inter-cellular spaces 210 
Inter-petiolar stipules 50 
Intine 114 ^ 

Iritra- molecular respiration 309 
Intra-stelarjground tissues 219 
Intussusception 178 
Inulin 1 ^ 

Involucre 81, 367 
Involute 68 
Ipomoea 38, 376 
Iris 63 

Irritability 321 
Irregular flower 108 
Isogamy 422 
Isomerous flower 101 
Isostomonous 1 10 
Ixora 60, 88, 364 
Kaempftria 30, 396 
Keel 107 
Kernel 163 
Labiates 376 
Lagerstrcemia 107 
Lamina 48, 62 
Lanceolate 64 
Latex 186 

— cell 186 

— vessels 2 1 4 
Lavandula 378 
Lawsonia 107 
Leaf, the 48 

— apex 66 
^tendrils 66 
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Leaf 

Maorosporangia 409 

^i^ructure of 236 

Maorospores 409 

— trace 262 

Malvace» 343 

— floxal, 6 7 

Mango 146 

-^foliage 67 

Maredeoant 105 

-—form of 64 

Marchantia 415 

— ucale 63 

Marigold 370 

— sescile 56 

Marsilia 32 

— surface 56 

Mechanical tissue 270 

— margin 57 

Medulla 2l7 

— mosaic 77 

Medullary rays 217 

— climber 66 

Medullary sheath 243 

Legume 141 

Melaleuca 261, 361 

Leguminosae 352 

Mentha 378 

Lathyrui 50, 355 

Mericarp I45 

Lemna 42 

Meristem 204 

Ijentioles 251 

Meristematic tissue 204, 210 

Leonurus 376 

Mesocarp I38 

Leptosporangiate, 406 

Mesophyll 236 

L^ucas 576 

Metaphloem 221 

Leuooplasts 175 

Metaplasm I70 

Lichens 301 

Metaxylem 221 

Lignin 182 

Micropyle 120 

Lignification X82 

Miorosomes 170 

Ligulate 52, 108 

Microsporangia 4ll 

Ligule 52 

Microspores 4 IT 

Liliaoeae 391 

Mimosa 328, 367 

Limnophila 65, 75 

Mimosffi 357 

Linear leaf 54 

Mirahilis 21. 77 

Linin 173 

Momordica 364 

Liliaceous 107 

Monadelphoas III 

Loculioidal 140 

Monandrous 110 ^ 

Lodicules 387 

Moniliform 24 

Loment I42 

Monochasium 89 

Lotus 93, 349 

Monocblamydeous 104 

Lyccperiscum 374 

Monoclinous IIO 

Lyrate 59 

Monocotyledons 14, 334 

Lysigenio spaces 210 

MonGBoious IIO 

Luffa 159, 364 

Modopodial 45 

Lycopods 335 

Moraoe» 

Lythraces^ 36{ 

MoringQ 20, 60 
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Morni^ glory 3^4 
Moms 383 
Mosses 116 

Movement of plants 821 
Mucilage 383 
Mucor 429 
Mucronate 66 
Multicostate 49 
Mu$a 392 
Musaceae 392 
Mu^soRnda 366 
Mycelium 426 
Mycorhiza 301 
Myrtaceaa 360 
Mushroom 434 
Napiform root 22 
Aaravelia 144, 157 
Nasturtium 49, 104 
Natural order 337 
Nectaries 106 
Aepenthes 302 
Nephelium 350 
Neuter flowers 100 
Nitrogen assimilation 297 
Nicotine 374 
Nicotiana 373 
Night-flower 126 
Nodes 28 
Nodulose 24 
Nucellus 120 
Nuclear spindle 205 
Nucleoli 173 
Nucleus 172 
Nutmeg 166 
Nut 144 
Nutation 322 
Nyctanthes 125 
Nymph«ace» 349 
J\/ymph(ea 349 
Oat, Avena 390 
Oboordate 57 
S2(a) 


Obdiplostemonous 99 
Oblanceolate 66 
Oblong 54 
Oboval 56 
Obovate 56 
Obtuse 56 
Ochreate 51 
Odmum 376 
Octastichous 73 
Offset 37 
Oil, ethereal 1 99 
Onion 34, 175 
Oogamy 422 
Oogonia 422 
Ooplasm 166 
Oosphere 407 
Oospore 408 
Operculum 419 
Opium, PapavBr 343 
, Opposite leaves 74 
Opuntia 42, 66 
Orbicular 54 
Orchids 22 
Ornithophilous 126 
Orobanche 304 
Orthostichies 73 
Orthotropous 121 
Oryea 386 
Osmosis 277 
Osmotic pressure 277 
Oval 64 
• Ovary 94 
Ovate 54 
Ovule 94 
Ovum 318 
Oxalis 37 
Paleas 82, 386 
Palisade parenchyma 236 
PalmacesB 396 
Palms 396 
—structure of 224 
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Palmate 61 
Palmatifid 58 
Palmatipartite 58 
Palmatisect 58 
Paoiole 86 
Papaveracess 340 
Papaw llOi 148 
Papilionaceae 352 
Pappose 105 
Pappas 105 
Parallel venation 53 
Paraphyses 435 
Parasites 26* 300 
Parasitic root 26 
Parenchyma 187, 212 
Paratonio movement 321, 323 
Parietal plaoentation 118 
Paripinnate 61 
Passionflower 107 
Pea, Pisum 352 
Peach, Prunus 146, 36'J 
Pectose 182 
Pedate leaves 59 
Pedicel 79 
Peduncle 79 
Peltate 46 
Pentaatichous 72 
Pentacyclio 99 
Pepo 14 8 
Perennial 24, 30 
Perianth 103 
Periblem 208 
Pericarp 136 
Perichtetium 417 
Perioyole 219 
Periderm 248 
Perigone 103 
Perigynous 102 
Perisperm 163 
Peristome 419 
peritheoium 43? 


Permanent tiasile 204, 21 1 
Persistent 49, 105 
Personate 108 
Petaloid bracts 80 
Petaloidss 334 
Petals 92 
Petiole 48 
Petiolule 60 
Phaseolus 355 
Phanerogamia 331 
Phelloderm 249 
Phellogen 211 
Philodendron 25 
Phloem 219, 221 
Phloeterma 219 
Phoenix 396 
Phragmitis 391 
Photo-synthesis 292 
Phylloclade 42 
Phyllodes 67 
Phyllotaxis 71 
Physalis 374 
Piliferous layer 229 
Pine 76, 400 
Pine-apple 160 
Pinguicula 303 
Pinnatifid 68 
Pin nati partite 58 
Pinnatiaect 58 
Pink 107, 118 
Pistia 24, 37 
Pistillate 100 
Pisum 352 
Pitcher plant 302 
Pith 217 
Pits 180 
Placenta 116 
Plaoentation 118 
Plaited 68, 109 
Planogametes 422 
Plasmodesma 18Q 
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Plastids 174 
Flerome 208 
Plicate 68 
Plumule 6 
Poa 391 

Pomciana 60, 356 
Polleii-graitis 93, 113 
Polleu-tube 114 
Polliiiia 113 
Pollination 122 
Pollinodium 432 
PullulatioD 433 
Polioplasm 169 
Polyalthea 67 
Polyandrous 110 
Polyanthus 30, 63 
Polychaaium 88 
Polygamous 110 
Polypetalous 106 
Polypetalee 334 
Polysepalous 104 
Pome 149 
Pcrtulaca 134, 141 
Perus dehiscenco 1 1 3 
Prickles 40 
PrimaiV meristem 207 
— root 19 

PrimordeJ utricle 169 
Procambium 211 
Prolification 98 
Promeristem 210 
Prop roots 21 
Prosencbyma 187 
Protandry 129 
Proteids 197 
Prothallium 406 
Protogyny 129 
Protonema 419 
Protophloem 220 
Protoplasm 166 
— movement of 171 


Protoxylem 220 # 

Prunus 359 
Pseudocarp 146 
Psidium 359 
Pteridophyta 402 
Pteris 403 

Ptermpermum 347, 103 
Pubescent 57 
Pyrenoids 425 
Pyrus 859 
Pyxis l43 
Quadrifoliate 62 
Quamoclit 375 
Quassea 98 
Eaceme 83 
Eacemose 83, 45 
Eachilla 390 
Eachis 78, 60 
Eadical 31 
Eadicle 6 
Eadish 22, 342 
Eamenta 402 
Baphanus 342 
Eaphides 199 
Beceptacle 102 
Eegular 100 
Eeniform 56 
Eeproduction 316 
Eespiration 305 
Eespiratory cavity *236 
Eesin passages 
Eetiouhte venation 63 
— vessel 182, 214 
Eetuse 67 
Be volute 68 
Ebamnacem 351 
Ehizome 32 
Ehomboidal 55 
Eingent 108 
Eosaceffi 357 
Rosa 3^ 
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Roots, forms of 24 
— cap 1*7 
— kiods of 24 
— structure of 229 
Root*climber 26 
Root-hairs 17 
Root- pressure 281 
Rosettes 30 
Rotate 307 
Rotation of protoplasm 172 
Euhia 50. 366 
Rubiaceas 364 
Ruminate 155 
Runoinate 59 
Runner 36 
Saccht^um 390 
Sagittate 55 
Salver-shaped 107 
Samara 144 
Sanialum 26 
Sap* cavities 168 
Sap-wood 245 
Sapindacess 350 
Sapindus 154, 351 
Saprophytes 304 
Sarcocarp 146 
Saraca 356 
Sarracenia 302 
Sarsaparilla 51 
Soalariforni 185 
Scale-leaf 63, 64 
Scape 78 

Schizogenous space 210 
Scindapsus 26 
Scitaminea3 391 
Sclorenchyma 184, 213 
Scleroids 184 
Solerophyllous 445 
Soorpioid dichotomy 45 
Screw"pine 21 
Secondary growth 243 


— of roots 245 
Seed 153 
— albuminous 153 
— exalbuminous 153 
Selagindla 254 
Self-pollination 133 
Sepal 92 
Septicidal 140 
Septifragal 140 
Serrate 57 
Seshenia 355 
Sessile 56 

Sexual reproduction 316 
Shoot 28 
Shrubs 28 

Sieve-tubes 181, 214 
— pits 181 
Silicula 142 
Siliqua 142, 341 
Simple fruit 139 
— leaf 59 
Sinistrorse 39 
Sleep-movement 327 
Smilaz 51 
Solanaceee 371 
Solanine 374 
Solanum 371 
Sorosis 150 
Sorus 405 
Spadix 84 
Spathe 80, 393 
SpadicifloraB 334 
Species 335 
Spermatophyta 331 
Spermatocytes 407 
Spermatozoid 317 
Spike 84 
Spines 66, 40 
Spinous leaf 66 
Spinous stipules 61 
Spiropyra 42 
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Splint wood 245 
Spongy parenchyma 235 
Spontaneous movement 321 
Sporangiophore 430 
Sporangium 404 
Spores 404 
Sporogonium 420 
Sporophylls, 331, 402 
Sporophyte, 331 
Sporoplasm 166 
Spring wood 244 
Spurred 105 
Stamens 92, 111 
Staminodes 111 
Staminate 100 
Standard 109 
Starch 193. 293 
Stellate cells 183 
Stele 232 
Stem 28 — 42 
— structure of 216 
Sterculiaceae 349 
Sterigmata 432 
Stigma 94 
Stilt roots 22 
Stipitate 103 
Stipe 434 
Stipules 49 
Stolons 35 
Stomata 235, 239 
Stone 146 
Stragglers 39 
Stratification 179 
Strobilus 151 
Strophioles 154 
Style 94 
Suberin 182 
tucker 36 
xgar 196 

idew, Drosera 303 

lower, HeUanihus 367 


Superior ovai 7 102 
Sutures 140 
Swarmspores 333 
Syconus 151 
Symbionts 300 
Symbiosis 300 
Sympodium 46 
Syucarpous 115 
Synergid® 318 
Syngenesious 111 
Tamarindus 356 
Tap root 1 9 
lagetes 370 
Teak, Tectona 378 
Tegmen 155 
Tendril 40, 66 
— climber 38 
Tendrillar stipules 51 
Tentacles 303 
Testa 6, 155 
Tetrandrous 110 
Tetradynamous 111 
Thalamus 91, 95, 102 
Thalamifloreae 337 
lhallophyta 422 
Thallus 3 
Thorn 40 
—climbers 40 
Tissues 203, 211 
— secondary 241 
— primary 216 
—fibro* vascular 228 
— fundamental 217 
— mechanical 270 
Tissue-tension 269 
Tomentose 67 
Tonoplasm 169 
Torus 102 
Trachece 214 
Tracheides 185, 214 
Trapa 64 
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Tranipiration 282 

Traofti»r»tioQ ourreut 286 

Tranaveme deiitioeiioe 11 3» 141 

Troes 28 

Triaiiftipbous 1 1 1 

Triohogyne 482 

Tfichosanihes 28 

Trifoliate 62 

Tiipinnate 61 

Tiutiehoue 72 

Tritaeim 688 

Tropnotam 49 

Truncate 57 

Tuber 32 

Tuberous root 24 

Tubular 107 

Tunicated 34 

Turgidity 268 

Twiner 88 

Twining stem 326 

Typha 63 

Umbel 84 

Umbellules 85 

Underground shoot 31 

Unicostate 53 

Unifoliate 66 

Drma 348 

Urikaceae 883 

Urceolate 107 

Utricle 144 

Vacuole 168 

Valvate 68. 109 

Valvular dehisoenoe 113 

Vallisneria 37, 66, 127 

Vanda 25 

Vascular bundles 228, 237 
— course of 252 
— plants 332 
— tissue 


Variation movement 321, 327 
Vasiform trachetdes 185 
Velum 435 

Vegetative reproduction 317 
Venation 63 
Ventral f^jll 407 
Ventral Wture 117 
Venus* fly trap 302 
VerbenaeeQn *378 
Vernation 68 
VernofiUa 144, 371 
Verticillaster 88, 376 
Vessels 182 
—kinds of 214 
Vexillary 109 
Vexillum 109 
Villous 57 
Vinca 116 
Vite% 379 

Water culture 274 
Water plants 438 
Wheat, Tritioum 388 
Whorled leaf 74 
Wind pollination 122 
Wood cells 187 
Xerophytes 444 
Xenogamy 128 
Xylem 221 
Yeast 433 
Yucca 248 
Zea 390 
Zinnia 370 
Zingiberaceae 394 
Zixyphua 40, 361 
Zoophilous 126 
Zoospore 423 
Zygomorphic 100 
Zygospore 430 
Zygote 317 








